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VERMILYE MEDAL DINNER.* 


[HE FRANKLIN INSTITUTE, Friday, October 4, 1946 


lt is with much pleasure that, as President of The Franklin Institute, 
| welcome you tonight. We are here to do honor to a great man and a 
great Philadelphian. This honor is being bestowed by a great institu- 
tion in which we all take a pardonable pride. 

As I stand here I wonder what those men who, in 1824, founded The 
Franklin Institute would think if they could return to us today and view 
their child grown to maturity. Were that possible we would take them 
on a tour of our great museum. We would tell them of the thousands 
upon thousands of men, women, and, particularly, children who, year 
after year, profit by the educational exhibits here available. 

We would take them to a planetarium demonstration and amaze 
them with the device which makes it possible to so clearly demonstrate 
the wonders of the skies. 

We would take them to our brary, one of the finest and most com- 
plete scientific libraries in the country. 

We would show them the files of the JOURNAL which for 121 years 
as disseminated scientific information throughout the world. 

We would show them the complete records of our Committee on 
Ycience and the Arts which, through the years, has been seeking out men 
ind women who have done notable scientific work, and recommending 
them for Franklin Institute awards which are known and prized through- 
out the world. 

We would take them into our /ecture hall and satisfy them that their 
riginal desire, that opportunity be given our citizens to see and hear at 
lirst-hand those who are doing notable scientific work, is still being 

rried on. 

We would take them to Swarthmore and show them the Bartol Re- 

irch Laboratories w here pioneer v work is being done in pure physics. 


: \ddre ss delivered on the occasion of dhe awe aad of ne Gielen Med: il to M. W. hianiak 
October 4, 1946. 


(Note—The Franklin Institute is not responsible for the statements and opinions advanced by contributors in 
e JOURNAL.) 
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Then, on to Newark, Delaware, to the¥Biochemical Reseu 
Laboratories. Although those laboratories are not an integral part 
The Franklin Institute, they are administered by the Institute. 
would be intrigued by the fine work which is being done there in 
veloping ways and means for combating disease. 

We would take them into this great hall, dedicated to the memo: 
of our patron Benjamin Franklin, and they would gaze with admiratio: 
upon this beautiful statue. 

Then we would tell them something of the fine research and develop. 
ment work which was so successfully done within these walls for th 
Armed Services during the late war and of the honors received by 1 
Institute and its staff for that work. 

Then we would tell them of our decision to continue our research an 
development work into peace times, both for the government 
industry, not only because it affords an opportunity for further servic: 
but also because we expect it to provide the means for enlarging th: 
other institute services. 

They would be surprised that within these walls we now have 338 
individuals at work, and that in the Bartol and Biochemical Labora 
tories we have an additional 87, making a total payroll of 425. 

Then, finally, we would bring them to this dinner at which the 
would witness the presentation of one of our newer medals, the Vermily 
Medal, and now I shall ask Mr. Philip C. Staples, a Past President o! 
the Institute and a member of its Board of Managers, and Chairman o! 
the Vermilye Medal Committee, to speak to them and to you. 

Mr. Staples. 

C. S. REDDING 
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RAILROADS IN THE WAR. 


An Address by Mr. M. W. Clement, President, Pennsylvania Railroad, 
on the Occasion of the Award to him of the Vermilye Medal of 
The Franklin Institute, October 4, 1946. 


[he story of the railroads in this war is a story of organization and 
preparedness, and the rail transportation efficiency of this war had its 


beginning in the last war! 

After the breakdown of the national transportation system under 
government operation in World War No. 1 the railroads were returned 
to their owners, who assured the people of the United States that if 
permitted to operate at a proper return, management would rehabilitate 
the railroads not only to carry the volume of business offered but to 
improve the service by which that business was to be handled. That 
was the great job of the ’20s! 

The railroads spent billions upon billions—ten of them to rehabilitate 
the national transportation system. Yards, terminals and lines were 
improved; tens of thousands upon tens of thousands of cars, new and 
larger, were built; and thousands upon thousands of bigger engines. 
The Pennsylvania Railroad alone added over a thousand new modern 
engines to its fleet. All this took place in the ’20s, and when the peak 
load of that period came the railroads handled it without delay. In 
addition to preparing themselves for what was to come, they added 
much to the recovery of the country after the first World War. The 
fulfillment of that promise to the people not only enabled the railroads 
to ride out the great depression but enabled them to lay the foundation 
for the service they were able to perform in this war. 

Concurrently with this great program of the railroads to eliminate 
the obsolescence that had crept into their property through the chang- 
ing conditions brought about by the first war, there was an insistent 
demand among many people, resulting from the dissatisfaction with 
government operation in the first war, that the railroads of the country 
should be consolidated, and the Congress instructed the Interstate 
Commerce Commission to make up a plan for consolidating the railroads 
of the United States into a limited number of systems; and this con- 
solidation was way out in front in the thinking of people of the country 
as we went into the depression in the early ’30s. 

But labor was very much opposed to consolidation because the re- 
sults of it would be still fewer jobs in an industry that had already 
greatly reduced its employment; and as the depression made itself more 
and more felt the possibilities of financing any consolidations failed and 
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coordination became the thinking of the day supplanting consolidation JR 

in the minds of the people. P 
The railroads of the United States competitively serve within | , 

of the different sections of the country but complement each other whe: , 

it comes to serving the other sections. Similarly, they also interchan, ; 

freely with the competitive railroads of Canada and the National k 

ways of Mexico. No one railroad serves the east, the west, and | P 

south. Many roads serve the various sections of the country. 

only as they complement each other and are coordinated that they 

serve the country as a whole; and, when it comes to war, the railroads J y 


must be coordinated. It was only through the Presidents of the : P 
roads, getting together in their Association, that they were abl : 
perform the railroad service they did in the war effort; and probably on ¥ 
of the greatest examples of foresight, so far as this war was concern 

was the fact that the railroads had established the Association 0! h 
American Railroads and that when war came it was a going concern n 


The government had its coordinator, and the railroads had theirs al 
and in this great country of ours where distances were lessening a: ' op 
communication through travel by the people spread to all points of the JP A 
country—the development of the great resorts of the south and west rt 
and the transportation of food from the many states to the larger cities st 
there developed the necessity that the American railroads, none of t| 
which served the entire country but each of which was complementary) 9 
to the other, should have some way to coordinate their efforts, and it was tt 
then the Association of American Railroads was born. | 

It was a consolidation of many associations; it was a place where tly th 
problems of an industry that serves the whole country could be dis- pl 
cussed by the component parts that make up the national rail trans la 
portation system. It was located in Washington where it was availabl H 
for contact between the government and the railroads. Its great th 
problem, of course, was the handling of the rules for interchange o! 1 
equipment between one railroad and another, and preserving su St 
standards of design that the cars of any railroad could move ovet F De 
roads; to study improved design and to bring forth improved desig: to 
It was also at the Commission’s beck and call, and it was the means i 
communication between the Commission, the Army, the Navy, and | th 
other branches of the government with the railroads. Wi 

It issafe to say that no voluntary organization or association, withoul ev 
any authority of control whatever, has ever served a people any better J 1 
than this organization was able to serve the people of the United Stat its 
during this war; and it was through this organization that the first Co 
contacts came between the Army and Navy and the railroads prior | Fothe 
the war. eff 

In the middle ’30s when the signs of war in Europe were on the 

horizon, the Chiefs of Staff of the Army and Navy were doing what t! gi\ 
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could to prepare this country for war, and one of the things that turned 
out to be most important to this country was their study of transporta- 
tion. In the course of this study they learned of the pitfalls of trans- 
portation in World War No. 1 and how they could be avoided if again 
we went to war. 

This is no place to discuss the problems of World War No. 1, but 
suffice it to say that there was absolutely no coordination between the 
trans-shipping by ocean and the shipping by rail, and that hundreds of 
thousands of carloads of freight were brought to the Atlantic Seaboard 
where there were no boats for handling, and where these loaded cars 
occupied the space that should have been used for handling the com- 
merce of the country; so that it finally got to the point that everything 
was embargoed except government traffic and foodstuffs and the 
materials of commerce could only be had as permitted. Cars were 
backed up 200 miles from the coast; hundreds of thousands of tons of 
material for Russia were at tidewater and there was no Russia; miles 
and miles of main line were stored with cars loaded with materials for 
plants that did not exist. All these things were pointed out to the 
Army and Navy, and they were told that if the railroads were to func- 
tion in this war the equipment of the railroads must not be used for 
storage warehouses, but that they should have great storage areas of 
their own, apart from railroad facilities, located at points where the 
goods could easily be brought to two or three or more terminals for 
trans-shipping as the boats were available, and that was done. 

As we moved nearer to war in the late part of ’38, the President of 
the United States asked the railroads to advise him of a plan which in 
private operation would assure that the railroads could handle the en- 
larged traffic which would be part of a national emergency such as war. 
He was advised that as long as the United States did not participate in 
the war the railroads could meet their responsibilities without any 
idditional assistance, but that with the participation of the United 
States in the war there should be provided an officer in the Executive 
Department of the government in whom would be vested the authority 
to approve such measures of relief necessary to meet unusual and addi- 
tional demands of a government at war. It was thought at the time 
that this man should be of Cabinet rank and should be on equal footing 
with the other Cabinet officers. From this recommendation, when war 
eventually broke out, came the executive order creating the Office of 
Defense Transportation; which while never given Cabinet rank, had as 
its Directors men who were members of the Interstate Commerce 
Commission. On account of their position they were able to exercise 
the authority necessary to contact and cooperate, or coordinate with the 
eflorts of the other parts of the government, and in reporting directly to 
the President they brought this office to the stature of a war agency, 
giving it authority over all transportation and requiring all other de- 
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partments and agencies of the government to liaison with that oftice 


when such matters were of mutual interest. 

It was further recommended to the government that as the costs of 
operation built up, the cost to the public should reflect those higher 
costs so as to ease the change in the rate structure at a time when it 
could well be absorbed; a recommendation carried out as we got int: 
the war but later nullified. 

When the European war broke out in September, 1939, the Associ 
ation called all the railroad Presidents together in Washington where tly 
pending situation was freely discussed. As the war came to England 
the railroads of the United States prepared themselves for the war that 
it was felt surely sooner or later would involve this country, having in 
mind that Canada already had followed England in her declaration 
It was more than fortunate for the country that the men who wer 
directly responsible for the railroads at the outbreak of the war in 
Europe had served on the railroads in the previous war and wer 
familiar, by experience, with wartime transportation. They were well 
aware of the necessity for cars and locomotives, both passenger and 
freight, and they immediately proceeded to strengthen their plant, not 
only in the repairing of all equipment in unserviceable condition that 
had been standing idle all the years of the depression, but also in pro- 
viding for new and modern rolling stock, strengthening their plant in 
improvements at ports, in critical yards, on main tracks, and providing 
them with signalling for more quickly and safely moving trains. 

The Pennsylvania Railroad alone had tens upon tens of thousands 
of freight cars standing idle, most of which were in need of repair if they 
were to be used again, and almost half of them were ready for scrap i! 
not needed to meet an emergency. We had hundreds upon hundreds: 
steam locomotives, too small for the future, ready either for sale or tea 
down. We had hundreds of passenger cars—steel, to be sure; but not 
modernized—and there was question whether they ever would bi 
needed for normal traffic. Many of our harbor facilities had not been 
intensively used for years and, due to the depression, needed a great 
deal of rehabilitation. 

What was true on the Pennsylvania Railroad was true on ever 
railroad in this country as well as in Canada and Mexico; but thy 
roads set about to prepare themselves for the emergency that was 
come by repairing rolling equipment and making it available for 
service and repairing generally their fixed facilities. 

As railroad management has always had its Association of chie! 
executives, so has railroad labor long had its Association of executives. 

Railroad labor executives understood with the executives of the rail 
roads what was going to take place, and labor appointed a contact 
committee of union officers to meet with a contact committee of rail- 
road officers in order that we might get through this war without any 
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interruption of transportation service and with the avoidance of con- 
flict between labor and management. Railroad management and 
railroad labor both had seen the disturbances of the previous war. 
[hey knew the necessity for something to eliminate that conflict. The 
Railway Labor Act, in its original form, was conceived by those who 
had been through all the disturbances of the previous war and had 
planned to avoid such troubles in the future. 

With the determination of men and management that there would 
not be interruption of service, and with the machinery that previously 
had been set up, we got through the war. The only time the Railway 
Labor Act did not function, as it had been intended to function, was 
when there was interference by the government at the highest level, 
after Presidential Emergency Boards had recommended wage increases. 

The Railway Labor Act, at its inception, provided that when there 
were threats of interruption to transportation, the President should 
appoint a fact-finding board and both sides stand aside until determina- 
tion could be made. In its functioning the only possible way labor 
could get to a fact-finding board was through threatening to strike, the 
taking of a strike vote with all the ensuing publicity that accompanies 
such a procedure, and as the Act now functions practically all disturb- 
ances eventually get to fact-finding, and it should be possible to get 
there without threatening strike. It was this clause under the Act that 
caused the threatened strike during the war and led up to the necessity 
of going through the gesture of government seizure of the railroads when 
everything continued to function on the railroads the same before, dur- 
ing, and after it was all over. 

We met the problem of employment; we met the problem of seniority 
and employment after the cessation of hostilities. They were all 
clearly defined and understood by both men and management before we 
got into the war. But one of the things that was difficult for many of 
us to understand was that under the Selective Service Regulations the 
transportation business was given only a second-class priority rating for 
deferment of its men, while ocean transportation and civilians in re- 
search and development enjoyed exemption. This caused an enormous 
employment problem for the railroads and other forms of transporta- 
tvion. 

When war broke out in Europe, it was necessary for us to build up 
our forces and this we did out of the young men of America who, by 
reason of the depression, had not had employment. We built up our 
lorces almost entirely with men in their twenties, but then the draft 
came along, taking men from 21 to 45, and we were forced to move down 
to employing men in their teens. Again the draft moved down as we 
had, and the Pennsylvania Railroad, which had been down to about one 
hundred thousand men when war broke out, eventually found itself with 
some 56,000 of its men in the Armed Services—a number equal to about 
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one-half our total employment in the depression years, working 
time; and over one-third of our total employment in normal years. 
That gave us a new employment problem. Our business has al 
been recognized as a man’s business. There were only about 2,3 
women on the Pennsylvania Railroad when the war broke out, but 
the height of the war we had ten times that many, hired to do a man’s 
work while the men were off to war. These women went into the trai 
service, into the shop forces, into the stations, into the clerical forces 
and, be it said to their everlasting credit, they did a remarkable jo! 
As the shortage of manpower still further developed, it was necessary 
to go outside the country, and the Pennsylvania Railroad employed 
transported some 14,000 Mexicans to the States to supplement 


forces. 
At the peak movement on the railroads, the employes worked Jong 
hours of overtime. Too much credit cannot be given to the army of 


men and women who carried the railroads through the critical \ 
period without interruption of service. 

But, through all the war—and giving due credit to all the endeavors 
of the railroads as well as all industry—the Armed Forces were suprem 
It is not necessary to emphasize here the magnitude of the war jo! 
performed by the industries of this country. But the point I do want 
to emphasize is that never in the history of the world was there a mor 
efficiently and better organized Army and Navy than the Army 
Navy of the United States in the past war—coming up from almost 
nothing, as they did, to the millions who served well. It is t 
undying credit of the Captains and Majors and Lieutenant Colonels 
the Regular Army, and to their counterparts in the Regular Navy 
took over the positions of Major and Lieutenant Generals and Adi 
and who built up the organizations to function as they did. 

The Chief of Staff, the Chief of Services of Supply, the Chi 
Transportation—Army Service Forces, all will long be more than n 
to the railroad men of the United States. They built up a great organi 
zation, and as far as rail transportation was concerned they synchroniz 
the military requirements through the Association of American Kail 
roads and, using the legal authority of the Office of Defense Trans; 
ation, to an accord that worked “‘hand in glove,” calling for enorm 
volumes of transportation and in turn getting it. No one, speaking 
from the standpoint of rail transportation in the United States 
ever be too complimentary to the Army and Navy. 

There was no time from Pearl Harbor to the end of the hostilities 
when any failure on the part of the Armed Forces to coordinate th 
great volume of their shipments with the transportation availa! 
could not have resulted in a serious tie-up of the nation’s transportatio! 
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The railroads too had their own problem of supply. While we are 
primarily built of steel, we also are one of the largest consumers of wood 
and the non-ferrous metals such as copper, zinc, tin, lead. When the 
war broke out in Europe there still was little demand for the metals in 
this country, and we on the Pennsylvania stocked up to a year’s supply 
and continued to buy, keeping pace with consumption, as long as the 
materials could be bought. 

The Pennsylvania Railroad, and other railroads, switched from one 
material to another to meet their necessities. They rehabilitated rail- 
road passenger equipment so long as they could get materials. First 
they were shut off on air-conditioning equipment; then on car seats; 
next on this, and then on that—so that not only the building but the 
rebuilding and rehabilitation of railroad passenger equipment became 
impossible. 

The same was true of freight equipment. Entirely a road of steel 
equipment, the Pennsylvania Railroad re-designed its freight cars so 
that the bodies of the cars could be made practically of wood, to save 
plates of steel needed for ships and the military; and when conversely, 
wood became scarce and steel again was available, we turned back to 
the use of steel. 

In 1939, we started to build additional electric locomotives and 
continued through 1942 as long as copper and motor parts were available; 
and we did the same with steam locomotives as well as with Diesel- 
electrics: we built every kind of power that was possible within the 
limits allowed by the restrictions of the War Production Board and the 
capacity of the electric power companies to supply the energy. 

Finally, a point was reached where all our supplies and all of our 
repairs and improvements, so far as materials were concerned, were 
under the control of the War Production Board. At the same time, the 
draft had reduced our skilled working forces. This condition involved 
coordination between the railroads, the Office of Defense Transporta- 
tion, the Army and Navy, the War Production Board, and all other 
government departments and offices. In 1943, scarce critical materials 
were supplied to transportation as well as other important war activities 
only by material allocation of the War Production Board. At times, 
the margins were close, but in the end the goal was met and rail trans- 
portation functioned so well that our military forces in their world-wide 
distribution were never handicapped by lack of service from the rail- 
roads. 

Probably one of the most difficult problems that faced the railroads 
in the war was the problem of capacity. 

The railroads were built to serve the Nation’s commerce and, as 
commerce grew, the railroads grew. Where coal is mined, the branch 
lines run into coal fields and the coal is brought to assembly yards where 
the cars are classified and moved to destination. In serving the steel 
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industry, the railroads and the steel industry have large yards side }) 
side for the receiving and dispatching of the raw and finished products 
of that industry. 

There are yards to serve the cities, both passenger and freight, 
They serve the purpose for which they were created and they hav 
capacity for normal business; but war upsets that. War changes the 
flow of materials. Coal that normally moved from Norfolk by boat 
now moved all the way to New York by rail. Materials that seldom 
moved for export now moved in train-load lots, and materials that 
before had never or seldom moved at all were moving in train-| 
after train-load. These all had to go to the waterfronts, where tho 
sands of cars had to be handled at points and under conditions wher 
hundreds were usually handled. Up and down the seaboard, from 
Norfolk to New York, the Pennsylvania Railroad built or rebuil 
terminals to over ten thousand additional car capacity. 

Where passenger trains had moved by twenties, they now moved by 
fifties, and where they had moved by hundreds they now moved by th: 
two hundreds; and the Pennsylvania’s line between New York an 
Washington—before the war generally considered a two-track line be- 
tween Wilmington and Washington for 120 to 125 trains a day as 
normal load—got up to between 225 and 250 trainsaday. As the load 
gradually increased, the railroad gradually enlarged its capacity by 
equipping some of its tracks with double-direction signalling so that 
each track might be used in either direction at any,time; and from th 
Susquehanna River to Washington additional trackage was add 
nearly all the way. 

The New York, Baltimore, and Philadelphia terminals were all 
very much enlarged. Export business through Philadelphia increased 
substantially, to where the Pennsylvania Railroad itself released as 
many as 300 cars in one day for export. The whole of South Phila- 
delphia Yard was rebuilt in a short period of time, at_an expenditur 
of some three million dollars, just to meet the war load. 

With the movement of troops to and from the South and Southwest 
it was necessary to increase both yards and main line, and hundreds o! 
miles of tracks were added to the Pennsylvania Railroad. As the wa: 
grew, the whole railroad plant of the country grew, and on the Pennsy! 
vania alone some hundreds of millions of dollars were spent for extra 
ordinary repairs to and construction of road and equipment. The great 
problem of the railroads was to change themselves from carriers serving 
a limited section of the country to a coordinated unit serving the freight 
needs of the whole nation and the tremendous need for passenger trans 
portation caused by the great pyramiding of the Armed Forces. 

With the establishment of great training camps in the South, the 
passenger equipment of the Pennsylvania Railroad, as with all other 
railroads, went off its own lines and became the passenger equipment 0! 
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the country. In the latter part of ’41, we were sending many of our 
cars south to handle the furloughed troops over the Christmas and New 
Year holidays; as a matter of fact there were over 200 of them in the 
South at the time of Pearl Harbor and, in addition to those 200 cars, we 
suddenly were called on for another 200 cars which were used along with 
other cars to take the Army to the Pacific Coast. Within a short period 
after the date of Pearl Harbor, some 600,000-odd troops were moved to 
various points in the United States, and all this occurred during the 
peak of the holiday travel of Christmas and New Year of 1941—42. 

As the Army and Navy grew, their furloughs grew, and the passen- 
ver equipment of all the railroads of the United States became almost as 
though it were all of one great unit. While the cars were gradually 
worked back to the home station of the railroad whose name was em- 
blazoned on their sides, nevertheless everywhere in the United States 
one could see cars of the Pennsylvania Railroad as well as cars of all the 
other roads—and that continued for four years. 

With the growth of the military, there was a parallel industrial re- 
location which pyramided passenger transportation until there were 
three times as many people travelling on the Pennsylvania Railroad in 
‘44 and ’45 as there had been before the war. Many different kinds of 
cars were turned into passenger carrying equipment. All of the 
Pennsylvania’s inspection cars were turned into passenger cars; some of 
the business cars and old Pullman cars were converted into coach 
passenger equipment; box cars were turned into passenger equipment. 
Some of the railroads initially converted box cars into troop sleepers, 
using baggage cars for troop kitchens. With the accelerated military 
troop movement requirements, the government built 2,400 troop 
sleepers adapted from the freight box car and supplemented these cars 
with 800 kitchen cars similarly constructed from box car design. 
During peak military travel, these only partly met the military require- 
ments and put an overloaded and overcrowded condition upon the 
railroads’ passenger carrying equipment. 

The Pennsylvania Railroad, which normally served some 10 or I2 
thousand meals a day in its dining cars, saw its meals jump to over 50 
thousand a day—half of them served in diners and half from basket 
service built up to suit times and conditions. 

All of these situations changed every month, every week, sometimes 
daily, and at times almost every hour, as the rush movement came for 
the troops; which meant that for four years neither night nor day for any 
ninute did the office of the Chief of Passenger Transportation on the 
Pennsylvania Railroad ever close. 

What was true of passenger transportation was also true of freight 
transportation. Lines with more than sufficient capacity to take care of 
their normal business had more business thrust upon them than they 
were physically designed to carry, necessitating the adding of more 
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tracks, more sidings, more yards, bigger locomotives, more signallin 
everything to keep increasing the capacity as the demand grew mont 
by month—all heading for a peak that would come and collapse almost 
in a moment and leaving useless or unneeded that which had taken 
months to create. That was the problem the railroads faced with their 
own money and their own facilities, without any hope of a continuing 
financial return on the huge investments which they had to mak: 
the temporary expansion. 

As one transportation service after another faltered or discontinued 
the railroads were called on to carry on. As the coastwise carriers (is. 
appeared and the submarines drew off the oil barges, both the mer- 
chandise freight and the oil came to the railroads, until they wer 
handling more than a million barrels of oil every day. The coal whic! 
formerly moved by water came to the rails. The traffic that formerly 
moved by truck, as it grew beyond the trucking capacity, came to thy 
rails. The railroads absorbed everything that was offered until they 
were handling more than they ever had handled in their history. 

When one compares this war with the previous war, with privat 
ownership and operation versus government operation, it is found that 
in the government control and guaranty period of the previous war and 
the subsequent inflation period freight rates were increased almost « 
hundred per cent. and passenger fares were increased almost fifty pe: 
cent. In this war, when the railroads ended up they were moving 
freight at the same rates as were in effect before the war, and passenge: 
fares in part had been increased only ten per cent., but much of the 
volume had moved at greatly reduced rates, particularly for troops on 
furlough who moved on about half the regular coach fare. 

Railroads performed their war service without any increase in cost 
to the public, without any increase in cost to the country, and without 
any interruption in meeting the needs of the country. That at least is 
some measure of the war job done by the railroads of America. 
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< their DATA FOR PRECISION NAVIGATION AND PREDICTION. 
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BRITTON CHANCE, PhD.,; 
tinued, Radiation Laboratory,* Massachusetts Institute of Technology 
ers (lis- 
© mer. 1. 1. Introduction. Classical methods of pilotage depend upon the 
vy were [knowledge of a dead-reckoning position, the comparison of a chart of 
| which visible objects to what is actually seen, and the verification or correction 
rmerly { the dead-reckoning position by means of identification of visible ob- 
to th jects with those presented on a chart. Pilotage of ships is relatively 
il they IE casy, since the ship often moves so slowly that adequate time is available 
| . for a detailed study of the visible objects for precise identification. For 
drivat example, the shape of a water tank or the color of a lighthouse, etc., may 
d that be observed, and extensive descriptions of these objects are given in 
ar and “Coast Pilot.’’ For this reason, pilotage is both successful and safe for 
most a most ship operations. On the other hand, pilotage of aircraft is more 
ty per dificult; the time for observation is much less, and the characteristics of 
noving most aircraft prohibit a slow and cautious approach to an unidentified 
senger object. In wartime visual pilotage is even more difficult, since a close 
of the [fF approach to identifiable objects may be dangerous. Nevertheless, 
ops on visual pilotage has been used extensively in military, commercial, and 


private aviation. 
in cost The best supplement te pilotage is good dead-reckoning data, since 
ithout in approximately known position greatly reduces the probability of 
east is error in the identification of a distinctive object. In fact, dead reckon- 
gy is an essential part of all navigational procedures. It has, therefore, 
be ‘en recently instrumented by dead-reckoning indicators (DRI) or air- 
position indicators (API), the former being employed in ships and the 
latter in aircraft. These devices are singularly successful in ships, since 
he motion of the ship through the water is a fairly accurate representa- 
tion of its motion with respect to fixed objects. On the other hand, the 
\PI is not so satisfactory for aircraft, since the effects of wind are ne- 
glected. Therefore, improvements of API have been made which in- 
lude the effects of wind and are called ground-position indicators (GP1). 
lhe dead- Ee instruments may operate as indicated in the 
block diagram of Fig. 1. The north-south and east-west components 
‘ This paper is sewed on outk dome for the Office of Scientific Re mandi sa De preleanial nt 
r Contract OEMsr-262 with the Massachusetts Institute of Technology. 
t Present address, Medicinshe Nobelinstitutet, Biokemisha Avdelningen, Hantveskaregatan 
Stockholm, Sweden. 
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of the ship’s speed are obtained from a polar-to-rectangular-coordinat 
resolver—in this case a sine-cosine potentiometer.! The polar data are 
obtained, of course, from the ship’s compass and the ship’s log. The 
rectangular components of the ship’s motion are integrated in a negative. 
feedback integrator? to give the north-south and east-west distance 
traveled. These values may then be plotted on a chart with respect ti 
a point of departure and give the dead-reckoning position. 

The resolution from polar to rectangular coordinates and the integra- 
tion of the velocity components are here indicated by means of a sine- 
cosine potentiometer and an electrical integrator. DRI’s and API's 
may employ a scotch-yoke resolver and a ball-and-disc integrator in 
order that a mechanical output may be obtained which will direct] 
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Fic. 1. Simple dead-reckoning indicator (DRI). The ship's compass connects direct! 


to the sine-cosine potentiometer, which is supplied with a potential proportional to the ship's 
speed from the impeller log. The N—Sand E-W components of the ship's motion are separate! 
integrated in “Miller” integrators giving voltages E, and £2 proportional to the N—S and / 


components of ship travel 


drive a pen and give a trace of the dead-reckoning position-——dea 


reckoning tracer (DRT)—or odograph.’* 

The procedures of navigation are not changed by the availability ‘ 
DRT or API data. The dead-reckoning position is plotted on a chart 
The navigator then studies the chart, selects a likely object for identi- 
fication, determines whether he can observe this optically, and the 
attempts to locate the object visually. After several objects have bee 
located, a visual fix may be obtained and the dead-reckoning data 


This sine-cosine potentiometer consists of a uniform winding on a flat card. 17) 
usually four brushes are movable with respect to the card. See Radiation Laboratory Serit 
Vol. 17. 

2 A description of this integrator, a “Miller’’ circuit, is given in Vol. 19, Chap. 19, Radi 
Laboratory Series. 
’“Automatic Map Tracer for Land Navigation,”” by O. J. Faustman, Electronic 


94 (1944). 
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in using the dead-reckoning data to identify radio beacons or stars for 
astronomical observation. 

Visual identification of objects displayed upon a radar screen is much 
more dificult. Although range is much more accurately indicated than 


ordin 

data ar 
= ib 
1egative- 


distanc by direct observation, the range and azimuth resolution in most radar 
spect to |e sets is not yet sufficient to resolve clearly those objects which we are 

iccustomed to recognizing by direct viewing. For example, one may 
integra. |B recognize a town visually by the character of the dwellings, by whether 


f a sine- 
d API's 
‘rator in 
directly 


hic. 2, Radar oscilloscope photograph showing towns, river, islands, etc. The photo 
ph was made at high altitudes using a typical radar, AN/APS-15 The difficulty 
t identification is apparent. 


a highway is concrete or macadam, by whether the railway is single or 
louble-track, etc. These identification methods are not yet possible 
with radar. On the other hand, radar has a much greater range and 
gives a much clearer picture at great ranges than does direct viewing, 
ind therefore small-scale displays are often employed which cover a 
much larger area.than could be covered by direct vision. Objects of 
importance on these displays are often the configurations of towns, 
mountains, lakes, and rivers. Figure 2 indicates a characteristic con- 
hguration of a river and several towns as seen on the cathode-ray-tube 
| typical airborne radar (AN /APS-15). 
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On closer approach, smaller objects may be used for identification “daa 
especially small islands in the harbor or either one of the two bridges wit 
of Fig. 3. In addition, certain portions of the town are distinguishable J rm 
but not on a scale comparable with that obtained visually. Highe: iii 
resolution radar clearly indicates distinctive configurations on a larger “py 
scale. For example, Fig. 4 has been taken with a higher resolution radar step 


system operating at a much lower altitude, and the George Washington 


Fic. 3. Radar oscilloscope photograph taken at a lower altitude showing San Fra: 
ind details of the harbor. The clarity is greater than that of Fig. 2, but not yet adequat 
the identification of small objects within the city. Mountain ranges are, however, « 


shown at the lower left portion of this photograph. 


Bridge, the Hudson River, and Central Park, New York, are clear! pat 
shown as are many of the streets. Nevertheless, identification is sti!’ the ¢ 
on a gross scale; i.e., Central Park was not identified because of the gree! ssis 
trees or because of its relation to the Chrysler Building. Furthermor \ 
detail comparable with that of this picture is difficult to obtain at highe wi 
altitudes. 

Operational experience in the use of radar has established the neces 
sity for accurate dead-reckoning as an aid in radar navigation, first t 
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identify a particular city and finally to identify a particular object 
within it, for example, for the purposes of bombing. In most combat 
aircraft operations carried out during the war, the dead-reckoning 
process was Carried out laboriously by means of range and _ bearing 
starting from a recognized point of departure and continuing 


’ 


“fixes 


step by step using dead-reckoning data to assist in the identification of 


iG. 4. A high-resolution radar oscilloscope photograph of New York City. The George 
hington Bridge, the Hudson River, the docks and Central Park are clearly outlined. The 
utitude and higher resolution gives a major improvement in clarity of the picture. 


particular point, correction of the dead-reckoning data, etc. Towards 


he end of the war some API’s were available and were of considerable 


ssistance to the navigator. 

\nother important problem of air navigation which is not associated 
the identification problem but which is an important part of the 

-reckoning problem is wind finding. Optically this is usually found 

rift angle from the drift sight, and by taking two drift angles on 
‘nt courses or timing the approach of an object, both drift angle 
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and ground speed may be determined if the airspeed is known. These I jp 
data are readily converted into wind by means of the Army E6B com. — [a 
puter or the Navy Mark V Plotting Board (see Fig. 5). The proper tar 
drift angle and ground speed for different courses are also readily com. ma 
puted. Wind may also be found by taking successive fixes upon a pa: cnt 
ticular object, plotting them on a chart to obtain grouid track and Kye! 
ground speed. If the compass course and air miles are plotted on the J En 
same chart, the line closing the figure is, of course, the wind vector. J yad 
lately an improved method for determining the ground track of a afi 


FIG. 5 -hotograph of Mark 5 Plotting Board. These computers are aids in the nav 


computation of drift angle and ground speed 


aircraft in a fraction of a minute has been carried out with simple rad sent 
systems 4 by means of a doppler effect. Nevertheless, determination of t! 
wind and its conversion into drift angle and ground speed on a particu! 
course is one of the tasks that a navigational computer should eliminat 
1.2. The Interconnection of Dead-reckoning and Radar Data. In 194; 
at the start of the operational use of radar by the 8th Air Force, interest 
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in the radar navigational problem was stimulated at the Radiation 
Laboratory, and the experience and emphasis of the RAF on the impor- 
tance of dead-reckoning methods in radar navigation led to approxi- 
mately simultaneous developments of automatic means for the inter- 
connection of dead-reckoning and radar data. In this country the de- 
velopment was termed ““GPI” ® and a similar development occurred in 
England.® It is the object of these systems to present an index on the 
radar display which continuously indicates the dead-reckoning position 
of an identifiable object. Thus, a straightforward comparison of dead- 
reckoning and radar data on the screen of the cathode-ray tube leads to 
a great reduction of the navigator’s use of charts for plotting and com- 
puting and serves as an important aid in the identification of a particular 
object. 

[he dead-reckoning position is usually computed not in terms of the 
position of the aircraft but in terms of the expected position of an identi- 
liable object. This dead-reckoning position is indicated by a crosshair 
on an oscilloscope as shown in Fig. 6. If the dead-reckoning information 
is correct, this crosshair will be nearer to the particular object chosen 
than any one similar toit. The displacement between the crosshair and 
the identified object is then the error of dead reckoning and may be 
reduced to zero by setting the object to the crosshair. In addition, 
these computers give dial indication of dead-reckoning position, permit 
a ready determination of wind by a simple tracking procedure, and give 
a direct indication of the course and time of arrival to any object within 
| reasonable distance of the aircraft as will be discussed later. 

Usein Ship Navigation. Although the discussion above has centered 
upon the problems of object identification in aircraft navigation by 
radar, the discussion also applies to the problem of ship navigation 
where, although the speeds are considerably less, the accuracy required 
is considerably greater. These principles apply especially to the ac- 
curate pilotage of ships through narrow channels, where high precision 
is required and where an error in identification of a radar echo could not 
be tolerated. 

\ schematic diagram of an interconnection of radar and dead- 
reckoning data is indicated in Fig. 7 and is based upon a method of reso- 
lution and integration similar to that indicated in Fig. 1. This method 
lacks the precision required for a number of applications, but it is pre- 
sented here for two reasons—first, it permits an explanation of the use 
of this technique in both ship and aircraft navigation based upon essen- 
tially the same computer elements. Secondly, this method avoids the 
discussion of many complicated and obscure methods which were re- 


Radiation Laboratory Report No. 63-12/6/43, ‘Proposed GPI System,” Britton Chance. 
so unpublished work of G. E. Valley and L. N. Ridenour. 
(‘npublished work by A. Uttley and F. C. Williams of TRE. 
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quired to obtain higher precision by avoiding the errors of the cath: 


ray-tube display.’ Provided the inaccuracies of the cathode-ray 


display could be rectified, the method used in the following examples 


definite possibilities for precise navigation and has already been us 
a TRE navigation system. As in Fig. 1, the speed obtained fro: 


Fic. 6. A typical radar oscilloscope display of a crosshair generated by dead-re: 
lata set near a distinctive radar echo. The proximity of the crosshairs to this particul 
distinguishes it from other echoes as the desired echo. 


impeller log and the course obtained from the compass are resolve: 

north-south and east-west components by a sine-cosine potentiom: 
These voltages are then integrated and connected to the perpend 
plates of the cathode-ray oscillograph (radar indicator) to mov 
origin, A, of the display in accordance with the motion of the ship 


\n accurate navigational computer constructed for an experimental test of thes 
ciples in aircraft navigation employs electromechanical integrators and synchos for rect 
to polar coordinate resolvers. The method of operation and sources of error are prese! 
“GPI—An Automatic Navigational Computer,’’ W. J. Tull and N. W. MacLean sul 
to J. F. Inst.). 
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the displacement controls were adjusted initially at the point ot 
parture to indicate the true position of the ship, then subsequent | 


tions of the ship will be traced out on the face of the cathode-ray tu, 


by the spot, A. In addition, voltmeters FE, and F, indicate th: 


merical value of the distance from the point of departure. Known cor 


rections for current may be entered by means of the rate controls i: 


cated in order to increase the accuracy of the dead-reckoning indicatio: 


The radar data may be displayed upon this same indicator 


creating a PPI display about the moving origin, A. A convention: 
method is indicated here (ME PPI) § in which the mechanical positio: 
of the scanning radar beam is referred to north by means of a differentia 
connecting to the compass. The output of this differential turns a sin 

cosine potentiometer which resolves a triangular timing wave generate 
in V;in synchronism with the transmission of the radio frequency pulses 
The north-south and east-west components of the timing wave are then 
connected to the other pair of deflection plates of the cathode-ray tul 
The received echoes are connected to the grid of the cathode-ray tub 
giving an intensity-modulated display. If the point of departure, i. 

the point at which the dead-reckoning system was set into operatio: 

was the point of land B, the ship will have moved away from this point 
of land a distance D indicated by the motion of the origin of the display, 
to point A. The point of land B will therefore still appear at the cente: 
of the display providing the dead-reckoning information was correct an 
will continue to do so as long as the dead-reckoning data are accurat 


and the circuits are operating within their limitations. 


Aided Tracking. If, however, the point B does not remain in contact 
with the crosshair at the center of the display due to currents which ar 
not accounted for or due to errors in the compass or speed informatio 
the tracking controls E and F may be employed to reset point B to th 
crosshair, thus reducing the displacement error to zero and at the san 


time introducing an appropriate rate correction to account for 


errors. The tracking method indicated in this diagram is called ‘aide: 


tracking” ° and depends upon an alteration of displacement and rat 


a fixed ratio which has the dimensions of seconds and is called the ‘‘tin 
constant.”” If the tracking controls are used to reset point B to th 
crosshair at intervals equal to the time constant, then the rate correct 
entered by the differential gear will exactly counteract that due to t 
errors. If the error is due to an ocean current, then the rate added inc 
cates at -, and FE; the magnitude of the components of this oceat 


current. 


Memory-point Tracking. Some inconvenience may be encounter 
in using this particular method of tracking, since the rate is only proper!) 


8 See Vol. 22, Radiation Laboratory Series. 
® See Radiation Laboratory Series, Volume 20, Chapter 7. 


nt | 
ay tub 
the 
wn Cor 
Is Ind) 
lication 
ator | 
ntiona 
DOsitio1 
erentia 
Sa sin 
nerate 
’ pulses 
ire then 
ry tuly 
ay tul 


eratiol 
is point 
disp! L\ 
e centel 


contact 
rich ar 
mation 
3 to th 
1e Sallie 
for 


“aide 


1940. | DrAp-RECKONING AND RADAR DATA 305 


corrected if the corrections are made at a period equal to the time con- 
stant of the aided tracking system. ‘This may be disadvantageous in 
radar systems which have a long scan period which is not equal to the 
time constant of the aided tracking system or in cases where the radar 
echo may fluctuate and the time at which the setting is made may be 
dictated by the reappearance of the echo. If, however, the time con- 
stant of the aided tracking system is made a linear function of time, 
the operator may make the setting at any desired time. This method 
is termed “‘memory point tracking.’’!’ The displacement error is made 
zero by turning the displacement knobs so as to cause the crosshair and 
the desired echo B to coincide. As indicated in Fig. 8, the battery FE, 
of Fig. 7 is modified to include resistors Ri, Re, and R3. Resistor R; is 
controlled by a clock so as to increase the potential across P; or P 
linearly with time. When R; is zero, the displacement control is in- 
effective and the time constant is zero. At the initiation of the tracking 
operation, the variation of R; by clock C will increase the effectiveness 


ier Clutch ane 


3°, 
or 


integrator | Ps 
plate 


R, increases linearly with time 


1G. 8. Modifications of the battery voltages Eg of Fig. 7 required for memory point 
ing. The clock is started when .S; is closed and increases the time constant of the tracking 


linearly with time. 


{ the displacement control linearly with time giving a corresponding 
increase of the time constant. Mathematical analysis readily indicates 
that the exact value of the rate is entered regardless of the time at which 
the setting is made. 

Che operation of memory point tracking systems is as follows. 
initially S; is open, and the displacement controls in both coordinates 
ire rotated to cause coincidence of the crosshair and the desired echo B 
of Fig. 7. When the displacement error is made zero, switch S, is 
closed defining a time termed ‘the memory point.’ The north-south 
ind east-west tracking controls are then rotated in order to maintain 
iny displacement of the target and crosshair at zero. After this oper- 
ition has proceeded for a minute or so, an accurate value of the north- 
south and east-west drift will be established, regardless of the time at 
which the setting is made. In usual practice the clock operates for 5 

10 minutes. The final value of the rate remains set into the inte- 
grator and need not be redetermined until conditions change. 


Radiation Laboratory Series, Vol. 20, Chap. 7 
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1.3. Relative Movement of Two Ships. The usefulness of this so 
phisticated method of rate determination is not apparent in the diagran 
of Fig. 7 where currents are likely to be negligible for ships of a reason- 
able speed. But this method of memory-point tracking may be « 
extreme usefulness in problems involving the relative motion of tw: 
ships as indicated in Fig. 9 where point of land B of Fig. 7 has been 
replaced by ship S. The adjustment of the displacement controls unti| 
S coincides with the crosshair gives the north-south and east-west com 
ponents of the distance of that ship. Furthermore, tracking the shi 
by either the aided tracking method of Fig. 7 or the memory-point track 
ing method of Fig. 8 gives the north-south and east-west components o! 
the velocity of S with respect to A. Given the components 

both the distance and speed, the probability of collision of the tw 
vessels could easily be detected, or, if desirable, computations can |y 
made which would give the course on which such a collision would occu: 


fe 


A representation of the determination of the relative motion of two ships | 


Fic. 9 
Ship (A) is carrying out the tracking operation and ship (S) is being track: 


apparatus 


and the time at which it would occur. There are, however, limitations 
of the accuracy of the data obtainable from scanning radar systems 
and extremely high accuracy requires nearly continuous data. 

1.4. Aircraft Navigation. The greatest need and use for this navig 
tional method has been in high-altitude aircraft where both radar an 
visual observation are handicapped by the relatively large distance 
the nearest fixed object (5 to 7 miles). In addition, low temperatur 
cumbersome oxygen equipment, and fatigue render the navigator muc! 
less efficient than he would be on the ground. For satisfactory pet 
formance under such adverse conditions, it is desirable to simplify an 
to mechanize as many of the navigational procedures as_possibli 
Therefore, the automatic dead-reckoning computer interconnected wit! 
radar as described above is extremely useful not only in the correlatior 
of dead-reckoning and radar information for identification of fixed points 
but also in wind finding and in the prediction of course and distance 


a destination. 


1 
+1. 


The two-dimensional solution represented in Fig. 7 is not directl) 
applicable to the aircraft case, since a three-dimensional problem is in 
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volved here. It is, however, relatively simple to convert the three- 
dimensional aircraft problem to its projection on the horizontal plane 
or ground. This is, in fact, what is desired, since air navigation is re- 
ferred to the surface of the earth immediately below the aircraft. The 
instrumentation represented in Fig. 7 therefore applies to this case pro- 
vided two alterations are made. First, the radar must represent a pic- 
ture of the ground for reasonable distances beneath the aircraft, and 
the required shape of the antenna pattern is indicated in Fig. 10 and is 
termed the csc? @ pattern.!! A second alteration is required to convert 
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radar picture from one representing slant range to one representing 
ground range. As indicated in Fig. 11, the radar system measures slant 
range p, and any particular value of slant range may be converted into 
ground range by solution of the triangle p = (R? + H*)!. This problem 
has stimulated the development of a number of ingenious methods for 
triangle solutions. The most difficult problem, that of solving instan- 
taneously for all values of p, is essential for the conversion of the data 
lisplayed on the cathode-ray tube. A simple solution to this difficult 
problem is indicated in Fig. 12. Curve (A) of Fig. 12a represents the 
sweep used in the example of Fig. 7, i.e., the linear portion of an ex- 
ponential wave initiated at the time of transmission of the r-f pulse of 


Samuel Silver, JOURNAL article on Microwave Transmission Lines and Antennas (not 
hed). See also Vol. 12, Radiation Laboratory Series. 
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the radar system by the circuit of Fig. 12b. This waveform the: 


gives a display in which the spot position is directly proportional to tine JR 4; 
or slant range. If, however, the time of initiation of the display \ ® de 
form is delayed to a distance corresponding to the aircraft altitude a: Stat 
a hyperbolic wave (B) is generated, an exact and instantaneous sol iitio rhe 
to the equation R = (p? — H”*)! is obtained.” 

The delay in the time of initiation of the hyperbolic wave is casi) by 


adjusted by obtaining a sweep trigger from the radar synchronizer whi 
is delayed with respect to the time of transmission of the r-f puls 
The hyperbolic waveform itself can be closely approximated by 
simple resistance-capacitance network indicated in Fig. t2c. In acti 
practice the instantaneous rise of the hyperbolic wave at its ti 
initiation is impractical to obtain, and therefore the delay in its init: 

is made slightly less than the altitude, roughly 0.9 H."™ 
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Representing the conversion of slant range p to ground range, 


R, at an aircraft altitude H. 


With the change of the radar antenna pattern and the correcti: 
the display, we may proceed with the discussion of the elements o! | 
schematic diagram of Fig. 7 which are applicable to aircraft navigat 
First, the previous discussion about the continuous indication of d 
reckoning position and its verification by correcting the error bet\ 
the dead-reckoning position and that of a fixed point is extremely use! 
in aircraft navigation. But the aided or memory point tracking | 
anism assumes much greater importance in aircraft navigation th 
ship navigation, for wind in excess of 150 knots must occasionall\ 


taken into account in high-altitude flying. The tracking procedure 's of t1 
therefore carried out more frequently in order to detect any variations ae 
in the wind, and the values found in this manner are represent rind 


meters E, and E; and automatically influence the computation ¢ the 
dead-reckoning position. e di 
See Vol. 19, Chap. 8, Radiation Laboratory Series. 
Circuits for this purpose are described in detail in Vol. 19, Chap. 13, Radiation | 


tory Series 


*See Radiation Laboratory Series, Vol. 19, Chapter 8. 
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\Vith winds as large as this, the ground track and ground speed often 
liffer appreciably from the air track and airspeed, and it is therefore 
lesirable to represent continuously the former values in order to facili- 
e precise navigation to a particular point and accurate prediction of 


it 


\ usual display of ground track, 6,, and ground speed, V,, may be 
btained by alternating the display of the radar picture with the display 
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(b) : (c) 
12. The use of a delayed hyperbolic waveform for solving the expression R = (p?— H?)}. 
12a represents the linear sweep (A) employed in Fig. 7 and a delayed hyperbolic sweep 
hich is started at a time delay corresponding to the aircraft's altitude. 
nts the waveform generator for obtaining a triangular wave. Figure 12c represents 


Figure 12b 
elorm generator for obtaining a delayed hyperbolic wave. 


of the voltages FE; and Es. If the display is connected to E; and Fe, the 
position of the craft (A) will be displaced an amount equal to the com- 
ponents of ground speed, and the resultant displacement will represent 
ground speed. Furthermore, the direction of a line through this 
laced spot and the former position of (A) will represent the ground 
If, however, E; and &, are converted into alternating voltages 

is indicated in Fig. 13, a line is drawn on the display whose direction 
is the ground track and whose length is the ground speed. More satis- 
y for the purposes of navigation, however, is a line whose length 
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is proportioned to the scale of the display to indicate the distanc 


aircraft will travel in a certain time, for example, 5 or 10 minutes. |; 
desired, this may be used as a scale in determining the time of arrival! 
of the aircraft at any particular point. Furthermore, alteration of th 


course of the aircraft to cause the ground track line to pass throug! 
particular point will ensure precise navigation to that point. 

Considerably rarer in the case of aircraft is the problem of obtaini: 
precise information on the relative speed of another aircraft. But 
certain cases it may be desirable to obtain the relative speed of anot! 
aircraft with respect to the ground in order that aircraft may be guid 
through a safe navigational procedure. This difficult problem may 
readily solved by these techniques, since the apparatus already 
scribed refers the motion of the first airplane to ground. A secor 
similar computer may be employed to obtain the relative motion of t 
two aircrafts much as was indicated in Fig. 9. Subtraction of the d 
from these two computers would, therefore, give the motion ot 
second aircraft with respect to the ground, and from these dat: 
necessary computations with regard to its ground speed and grou 
track can be made, and, in fact, its dead-reckoning position maj 
represented on a cathode-ray-tube display and the prediction ot! 
course and time of arrival at a particular destination carried out 
already described. 

1.5. Aircraft Control from a Ground Station. Another use of thi 
portant features of prediction made possible with this type of instrumet 
is found in the control of aircraft from ground stations. Althoug! 
problems of identification by dead-reckoning position are no longer | 
portant, the ground controller of aircraft is often faced with the prob! 
of the precise navigation of the aircraft to a remote destination in ter 
of course and time of arrival at that destination. 

This procedure can be readily carried out with fire control rad 
but radars operating over longer ranges and carrying out air warn 
functions at the same time must scan continuously and, because ot t 
long range, must scan slowly '° (scan periods of 30 seconds). A mo 
fication of the computation mechanism of Fig. 7 for this purpos 
relatively straightforward. Since the controlled aircraft is friend] 
the control requires communication, the airspeed and compass co 
are known since they are part of the control instructions. Thes: 
therefore, entered into the computer manually (or in more sophisti 
systems by continuous radio relay from the aircraft). These data 


of course, an important first approximation to the travel of the airc: 
since the only quantity left to be determined is that of wind, whi 
lower altitudes will not usually exceed 50 knots. The remainder « 


6 See “‘The SCR584 Radar,” Electronics, 18, 104 (1945). 
6 See Radiation Laboratory Series, Vol. 1. 
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tracking and integration functions are carried out as before and dis- 
placement corrections are entered until the aircraft echo falls on the 
crosshair. Aided or memory point tracking is then initiated and the 
components of the wind are established. These data may be displayed 
upon the cathode-ray tube by electronic switching by the method indi- 
cated in Fig. 13 with the exception that the origin for the ground track 
line should, of course, be the aircraft or, to a first approximation, the 
rosshair. This simply means that the electronic switching includes 
the elimination of the north-south and east-west displacement voltages. 

destination of the aircraft may be marked on the display by another 
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pre yb] iG. 13. Modifications to the cathode-ray-tube display of Fig. 7, permitting the alternate 


; play of a ground track and ground speed or ground distance mark. ‘The direction of lin 
in Ue : 0 he ground track of the aircraft and an exact course to any object displayed upon thi 
r may be steered by pointing this line towards it. The length of the line may represent 
speed or, more desirably, the distance travelled in a given time interval. 


1} 


rosshair established by previous calibration or, more advantageously, 
may be displayed along with the aircraft echo by a simulation process 


ermed “‘video mapping.’’” The control of the aircraft to arrive at this 
lestination is carried out by the procedures of Fig. 13 except that radio 
mmunication to the aircraft is required to direct alterations of course 
which will cause the ground track line to pass through the desired 
lestination. 
(he particular instrumentation of Fig. 7 and 13 is especially suitable 
to slowly scanning radar. If the received signals are displayed upon a 
ng-persistence-cathode-ray tube, the persistent echoes may be reset to 
he fixed crosshair even though they are displayed for 1/30 second every 


> 
{ 


20 seconds. 


see Radiation Laboratory Series, Vol. 2 
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Summary. <A simplified method for the interconnection of rada 
dead-reckoning data has been presented and used to illustrate the 
cation of this principle to ship and aircraft navigation problems. 
interconnection facilitates the interpretation of radar data and incr 
the accuracy of the dead-reckoning data. Furthermore, the pred 


of time of arrival of a craft at a stationary or a moving object is r 


computed. 


GPI—AN AUTOMATIC NAVIGATIONAL COMPUTER. 


BY 


W. J. TULL' AND N. W. MAC LEAN, 


Radiation Laboratory,? Massachusetts Institute of Tech 


PAR 1. 
THE FUNDAMENTAL GEOMETRY OF THE GROUND POSITION INDICATOR. 


Ground Position Indicator (GP1) is a term commonly used to denote 
juipments which indicate continuously the present position on the 
irth's surface of those vehicles in which they are carried. In general, 
these devices give present position by integrating the vehicle’s velocity 

er the time it isin motion. The indication of position is usually given 
n present-position dials as either the total distance away from a point 
f origin or as the latitude and longitude of present position. The 
ipplications and techniques of using equipment of this type have been 
liscussed by Chance in separate papers.* 

lhere are three phases to the process of continuous presentation of 

ground position, first the determination of fix; second, the determination 
{ ground rate; and third, the determination of ground course. The 
ost straightforward GPI would be capable of measuring and using each 
these factors directly, and, indeed, the trend is in that direction. 
However, present devices usually employ techniques involving the sum- 
ition of a number of components in order that each of the three factors 
essary for navigation can be determined. 

(he particular device described in this article illustrates one way in 
lich a ground position indicator can be designed to make effective use 

(the information available from a PPI type radar. This device was 
primarily designed for aircraft. However, in general, most of the state- 
its made here are true regardless of the type of vehicle. This 
omputer receives fix data from the radar and compass, and rate infor- 
ition from a true-airspeed meter. From these data it computes the 
vind and provides ground speed information for the integrators. In 
dition to presenting as numbers the total distance traveled, this GP 
indicates the heading to be steered in order that a particular course may 
e followed. It also presents the position of the aircraft relative to any 


Now at General Precision Laboratories, Inc., Pleasantville, New York. 
‘ow at Illinois Bell Telephone Co., Chicago, Illinois. 
his paper is based on work done for the Office of Scientific Research and Development 
ontract OEMsr-262 with the Massachusetts Institute of Technology. 
‘Britton Chance, ‘“The Interconnection of Dead Reckoning and Radar Data for Precision 
ion and Prediction,” JOURNAL OF THE FRANKLIN INSTITUTE, this issue, pp. 355-372. 
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landmark, when an electronic index (or crosshairs) is placed in ¢ 
dence with the radar signal from that landmark as it appears or 
radar scope. Furthermore, the time necessary to reach the desig: 
point, flying on the prescribed heading, is given. 


Fix Determination 


Fix is a navigator’s term implying the determination of posit 


relative to some known reference or landmark. Position is estab! 
in this computer by making three measurements. The first is 
termination of the difference in altitude between the aircraft an 


landmark or reference; next, the slant range or straight-line dist 


between the aircraft and reference is measured; and third, the dir 
of the landmark relative to the vehicle is determined. Inform 


entered into the determination of fix is shown in Fig. 1. The valu 
A) 
VEHICLE ve 
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H=Altitude of Vehicle. Opy=Direction of Reference. 
R=Ground Range Vehicle to Reference @,=Direction Spinner Points 
e=Slant Range Vehicle to Reference. X=E-W CGomponent of R. 
Oc*Heading of Vehicle. Y=N—S Component of R 


FIGURE |. GEOMETRY OF FIX. 


altitude (/7Z) is first set into the computer by making an electronic 1 


marker coincide with the first radar signal appearing on the radar P’’ 
[his measures distance to the ground, or altitude. Secondly, the nor! 
south and east-west components of fix mileage, Y and X, are adjus 


until the crosshairs appear on the reference P. When this has 
done it is possible to read from dials the altitude of the aircraft 


the ground and its ground position with respect to the referen 


Ground position is shown in rectangular coordinates by two dials 
corresponding to X miles in the east-west direction, the other to } 
in the north-south direction. From this point on, all of the GPI c 


tations are made in a plane parallel to the earth’s surface, the altit 
H) factor being used only to convert slant-range radar data to ©! 


ground range information. 


I 
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Rate Determination 

The ground rate of the vehicle is determined by vector addition of 
the true airspeed, V,, and the wind, W, acting upon the vehicle. This 
vector addition is illustrated in Fig. 2. 

The components of groundspeed, V,z, and V,,, are’used to control 

rate of change in magnitude of X and Y discussed_in the previous 
section so that the electronic index will move on the radar scope with 
he same groundspeed as the aircraft but in the opposite direction. As 
can now be seen, if the index had been placed over some radar landmark 
on the radar scope it would remain on that reference as long as the 
values taken for the rates were correct and the coordinate systems used 
for rate and fix components were the same. If the aircraft should 
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Vg= True Airspeed Vector Vgx7 E-W ‘Component of Vg 
Vg= Ground Speed Vector Vgy*=N-S Component of Vg 
W=Wind Vector Vgx=E-W Component of Vag 
6= Drift Angle Vay=N-S Gomponent of Vg 
W,=E-W Component of Wind Wy=N-S Component of Wind 


FIGURE 2 GEOMETRY OF RATE. 


change heading, V,, and V,, would continue to represent the coordinate 
sum of V, and W vectors, and the crosshairs would even then remain on 
the radar landmark. 

If at a time when a wind W was blowing, zero wind had been entered 
into the GPI, it is obvious that the index would not remain coincident 
with the reference. Rather V,, and V,, would represent components 
of the true airspeed (V.) and the crosshairs would drift off from the 
landmark at the rate and in the direction of the wind W. In order that 
ground rates used by the GPI will be correct the wind must be entered 
into the computer. This is done by a process known as ‘“‘memory point 

racking.”” It consists of making two fix determinations, comparing 
the ground distance traveled with the air distance traveled and dividing 
their difference by the time necessary to accrue that difference. The 
actual procedure used by the operator consists of placing the electronic 
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index coincident with the landmark on the radar scope, pushing a swit 
waiting until the electronic mark drifts off the landmark and ther pF Sl 


setting it on the landmark. When this process is completed, the \ .) 
computations will have been performed by the GPI and the cor b 
rates should cause the marker to remain coincident with the radar sig: 
Course Determination 
The course of the vehicle is set by placing the electronic index on | 
point over which it is desired to fly. This can be done in either of | 
ways. The first method consists of placing the index in coincicd 
with a signal after making a simple visual comparison of their relat I 
positions as they appear on the radar scope. The second method per in 
AIR RANGE TO A NORTH 
REFERENCE a i. a | 
GROUND RANGE TO , WyT 
REFERENCE Fd 
\N Ka S WHO Pris 
“AT * x 
Rp ae © f 
VEHICLE over Sa ~ 
ed ae I i ne 
5 : TRACK i 
VoT=Air range to reference point =R, ful] 
VgT = Ground range to reference point=R 
WT=Distance aircroft is blown in time T. po 
T= Time to travel path OP, heoding constant thi 
Consider point M moving as time T changes, M " 
coincides with P when T=0O, aircroft heads toward M to 
reach point P. 
Sin 
FIGURE 3. COURSE DETERMINATION GEOMETRY. | pol 
forms the same function for points which do not appear on the radat a 
scope. This method takes advantage of the GPI’s knowledge of presen i 
position and the operator’s ability to set the fix dials to desired futur ‘ 
position numbers. This is discussed further in a later section title in 
‘Identification of Radar Signals.’’ Since the fix dials define the posit! pas 
of the crosshairs, the index will appear in the correct position on m 
radar scope whether a radar signal is there or not. The geometry) Fs 
GPI course determination is illustrated in Fig. 3. eg 
From Fig. 3 it can be seen that all factors are known from previous ‘ 
GPI computations except the time 7. This represents the time neces sick 
sary to reach point P at the present airspeed and with the present winc = 
if a heading is taken such as to cause the ground track of the aircratt to 3 


pass directly through this point. 
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lriangle POM is similar to the triangle P’O’M’ of Fig. 2, since their 
sides are proportional, and the proportionality constant is the time 7. 
Since both R and V, are known, 7 can be determined if R is divided 
by V, or, as in the computer described here, if Rz is divided by Va. 
[his time may be indicated on a meter and used by the operator to 
determine his time of arrival at destination. 


PART II. 
THE MECHANISM BY WHICH GPI COMPUTES. 

In the following step-by-step discussion of the GPI computer fre- 
juent reference will be made to Fig. 4. This figure has been divided 
into three sections containing (@) the rate mechanisms, (b) the fix 
mechanisms, and (c) the course mechanisms. In this figure dashed 
lines represent mechanical connections, and solid lines, electrical 
onnections. 


Fix Computation 


Fix measurements are made with the function switch (marked N-C 
for navigate-course) in the navigate position. Referring to Fig. 4, part 
), it is seen that helipot (1) has an a-c voltage across it supplied by 
transformer (2), the center tap of which is grounded. The voltage 
output of the helipot will vary from full voltage to zero at the center to 


‘ull voltage again as the potentiometer arm (3) sweeps across the helipot. 
It should also be noted that there is a phase reversal of voltage as the 
potentiometer arm passes over the center of the helipot (voltage passes 
through zero). The shaft of the helipot (1) has been fitted with a knob 
1)and adial (5). Ifascale factor of some number of volts per nautical 
nile output of the helipot is decided upon, the dial (5) can be given 
markings which indicate the helipot arm position in nautical miles. 
Since the helipot is linear, the dial markings will be uniform. At this 
point, it is possible to say that an adjustment of dial (5) to any number 
vill result in the presentation of a proportional voltage, X, to the driver 
6). The dial calibration for the computer is such that the voltage 
from ground to one end of the helipot represents twenty nautical miles. 
(he driver (6) is an impedance matching device with an input-output 
ratio of 1:1. The input to the other driver (7) is managed in the same 
lashion as described for driver (6). The voltage X, from driver (6) 
represents at all times the algebraic sum of the E-W components of 
distance to be introduced to the Arma resolver (8). In this instance, 
the voltage X, consists only of the distance XY shown in Fig. 1. The 
two a-c voltages representing X,; and Y, are the inputs to the Arma 
resolver (8). 

lhe Arma resolver is a device used to perform vector addition of a-c 
voltages. It has two stator windings displaced ninety mechanical de- 
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FIGURE 4-A 


grees from one another and two rotor windings similarly displaced 

the two stator windings are excited by voltages X; and Y, respective!) 
and if then the rotor is turned until the voltage output of one ol | 
coils is zero, the output of the second rotor coil will be the resultant 0! 
the two input voltages. Also, the position of the rotor shaft will then 
represent the angle whose tangent is X,/Y,. In practice, the shatt 0! 
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Part b. 
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resolver (8) is turned by a motor (9) under control of servo amplifier 
IQ) 


until the voltage output R of the resolver is zero. Under this 
condition, the other resolver output voltage R, is equal to the square 
root of the sum of the squares of X, and 

rhe voltage R, is applied through switches (12) and (13) to the alti- 
tude triangle solver (14). The triangle solver also has applied to it a 
voltage in quadrature with R; controllable by the altitude knob (15). 


aslo neciis 
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The potentiometer turned by knob (15) has a scale factor (miles 
volt) proportional to the rest of the system, but for convenience 
altitude dial (16) markings are in feet instead of miles. The outp 
of the triangle solver is the resultant of the voltage R, and the altitude IR, 
voltage H, and its proportional to slant range. The voltage p ent: 
range mark generator (17) to produce voltage pulse which in turn ent 
the mixer (18) and thence to the PPI scope (19) appearing as a rang: a 
circle (20). 

The azimuth mark portion (21) of the index comes from the additi wie 
of three selsyn voltages. The first voltage, @., represents the heacing 
of the aircraft. The second voltage, 6,, represents the direction 
antenna (spinner) points relative to the aircraft’s heading. The thi 
voltage, 8z, represents the Arma resolver position. With @, continu 
changing as the radar spinner turns, the azimuth mark generator pr 
duces a mark whenever the sum of @, and 6, equals 0. This is don 
causing a PPI sweep to be brightened as the spinner passes through t! 
position where 6, = 0z — @... This addition can more readily be se: 
by reference to Fig. 1. 

The intersection of the range mark (20) and the azimuth mark (21 
constitutes an index, the ground range components of which are thi 
mileages shown on the two fix dials (5) and (51), providing the proper 
altitude is entered into the triangle solver (14). The altitude is 
justed by first grounding switch (13) which then gives complete positio1 
control of the range mark to the altitude voltage (/7), and by turning 
knob (15) until the range mark (20) coincides with the first signal o1 
the PPI. Since this first signal is ground return, the altitude knob wil 
have been turned until the dial (16) reads the true radar altitude an 
the voltage into the triangle solver (14) will be correct. ) 


Rate Computation 
Making reference to part (a) of Fig. 4, it is seen that a d-c voltag aia 
V, taken from the true airspeed meter (22) has been resolved into co! Dadi 
ponents by means of a sine potentiometer (23) which turns with t! a 
shaft of the compass (24). If the sinepot (23) is properly adjusted, its ‘ " 
two voltage outputs will be V, sin @, or (Vaz), and V, cos @, or (Vay), ! rt 
spectively, where 6. is the heading of the aircraft. Since both con . . ve 
ponents are treated similarly, only the E-W component will be discuss: This 
here. The side of the servo amplifier (25) connected directly to the # s.. 
sinepot will be considered as a reference voltage level. Ccntinuing from #7 
this point through the sinepot (23), the generator (27), the switch (26 saa 
and the second generator (28) to the opposite side of the servo amplifier & ,... 
(25), it is found that if both generators are stationary and the switc! dons 
(26) is in the ‘‘reset’’ position, R, the voltage across the servo amplifie! jai 


(25) is V, sin@.. However, since a servo amplifier is a device wit spee 
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will act to reduce any voltage across its terminals to zero, it starts the 
motor (29) by means of control (30). The motor speed will be of such 
, magnitude and direction that the generator (28) will produce a d-c 
voltage equal in magnitude to V, sin 6, and opposite in polarity to the 
voltage from the sine potentiometer. The servo amplifier (25) then 
will have virtually zero voltage across it and if generator (28) has linear 
elationship between voltage output and shaft revolutions per minute 
the shaft (31) will be revolving at a rate proportional to the E-W com- 
jonent of airspeed. If this shaft (31) is connected by means of clutch 
32) to the fix dial shaft (33), the crosshairs can be caused to move in 

E-W direction at a rate proportional to the E-W component of 
irspeed. Likewise, the N-S velocity component can be connected to 

N-S fix shaft and the radar index caused to move in a direction 
pposite to the air motion of the aircraft. 

lhe motion which has been imparted to the radar index so far is 
proportional to airspeed. In order that this movement be proportional 
to groundspeed the voltage equivalent of wind must be added to each 
the airspeed component voltages. This can be done by moving po- 
tentiometer arm (34) so that the servo amplifier (25) is biased in a man- 
ner causing the generator (28) output to be equal to the sum of V 
ind W,. Conceivably, this adjustment could be made by a trial and 


i 


error process of changing the potentiometer acm (34) position until the 
lar index would remain in coincidence with any radar reference on 
PPI. However, since this would be a tedious process, the memory 


point tracking procedure was devised. 

When the knob (35) is turned generator (27) produces a voltage 
vhich is added in series with the voltage V,,. The result is an increase 
r decrease in the speed of the motor (29) for the length of time that 

nerator (27) is in motion. This in turn causes the radar index to 
increase or decrease speed temporarily or effectively results in a small 
sition change of the index. Since d-c voltage is proportional to 
elocity in this circuit, the product of d-c voltage and the time it is 
cting will give a displacement distance. This control is used as a 
ernier for displacement of the crosshairs, the fix knob (4) being a coarse 
idjustment. Now, to determine wind, the radar index must first be 
placed in coincidence with a fixed signal appearing on the PPI scope. 
Chis adjustment may be made with either or both of knobs (4) and (35). 
Secondly, the switch (26) is thrown from “‘reset’’ to “‘track’’ position 
!’); this also closes clutches (36), (37) and (38) and starts the constant 
speed motor (39). Assuming that the effect of the d-c windpot (40) 
was that of zero wind, the crosshairs would drift off from the radar 
signal at a rate proportional to the X component of true wind. The 
Constant speed motor (39) moves the potentiometer arm (41) at constant 
speed across potentiometer (42). Because of this constant speed the 
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position of the arm (41) can be considered a measure of the time ¢ 
the motor started. 

[It now can be shown that, if the crosshairs are reset on the 
radar reference at the end of time ¢f; by means of knob (35), the 
(43) will have been turned an amount proportional to the X comp: 
of wind. This follows from the fact that the displacement error, \ 
results after a time ¢; from an incorrect rate setting, will be proport 
to f;. Since the fraction of the generator voltage which is obtain: 
the moving potentiometer arm (41) will be proportional to the ti 
we have a means whereby the correct relationship between the disp! 
ment and the rate correction can be determined as a function o! 
total shaft rotation of the generator (27). A more detailed discussi 
of this relationship, entitled ‘‘memory point tracking,” is given i 
following paragraph. 


Memory Point Tracking 


In the memory-point-tracking operation, the rotation of knob (35 
controls, as stated, the shaft (43) and the setting of the arm (34) of th 
d-c wind potentiometer. If the instantaneous position of this shaft 


» = . . ‘ . , GW: - 
designated W,, its rotation will then result in an output ( 7 fron 


( 
dw, t ; 
generator (27) and ¢ - — at the potentiometer arm (41) conti 
dt T 
by the constant speed motor (39). Here C is a constant, ¢ the 
elapsed since the clutching in of the constant speed motor (39) at 
beginning of the memory-point-tracking procedure, and 7, the 
time necessary for the arm (41) to traverse the entire range on potent 
ometer (42). In the servo loop such an output represents 
similar to V 
The drift of the crosshairs from the target since the start of th 
cedure results in a displacement (in the X-coordinate) of 


"t 4 7. dw, t 
J (wv. 7 ee +. ) at 


in which W, is the true component of wind as distinguished fro 
instantaneous setting w,, and the last term of the integral represents 
of course, the effect of the generator output as modified by the settin 
of the potentiometer (42). If, now, the crosshairs are made to be: 
again coincident with the target at a time ¢; = 7;, the value ot! 
integral becomes zero for t = ¢). 

After integration of the last term by parts there accordingly results 


"é w, l a 
if (1. — Ww, + T, ) at| — Cw, - Tl, O. 
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lf C is made equal to 7,, this becomes 


Wty = [we Je hh. 


*} 


Thus, the value of w, which results is the true wind component W,, and 
the crosshairs should thereafter track the target automatically. 

Since the shaft (43) rotation is proportional to wind it is only neces- 
sary to connect it to the arm (34) of the d-c wind potentiometer, which, 
if properly calibrated, will cause the motor (29) to run at the E-W 
omponent of groundspeed. A calibrated dial (59) can be connected 
to this shaft to indicate wind velocity. 

Since the clutch (37) is only connected during the time a wind deter- 
mination is being made, the value for wind remains constant once it is 
determined, and knob (35) can again be used for vernier displacement 
idjustments. The spring return (44) is used to return arm (41) when 
the switch (26) is reset (2) in order that a new wind may be determined 
when desirable. 

: A “Present Position Dial’’ (45) is connected to shaft (31) through a 
th slip clutch (46). This dial can be set to read zero for any position by 
; means of knob (47) and then will continuously indicate miles distance 
to that poiat, since it is connected to a shaft rotating at a speed propor- 

tional to groundspeed. 


Course Computation 


By means of a switch and some of the components already described 
for the determination of fix, it is relatively simple to determine the 
heading the aircraft should have, in order that its true ground course 
will pass over the ground point designated on the radar scope by the 
crosshairs. The geometry to be solved is shown in Fig. 3. The switches 
marked N-C will be in the C (course) position for this portion of the 
liscussion. 

Since this computer is of the type which solves geometric problems 
by means of a servo loop, it is simplest to make an assumption regarding 
some point in the loop and later prove that this assumption is correct. 
Keferring to part c of Fig. 4 it is assumed that the a-c voltage input 7 
to transformer (48) is proportional to the time required for the aircraft 

ats to proceed from point O to point P in Fig. 3. The point P is the one 
designated by the crosshairs. The time 7 is obtained through the use 

{ the circuit loop containing the transformer (48) and the airspeed 

livision circuit (52). The output of the transformer (48) is a voltage of 

agnitude eo, which will be found to be identifiable with the time-to-go 

Its: & /. This voltage excites the potentiometer (49) and (in the E-W chan- 
nel) results in a voltage at the arm (50) which is a constant & times e,W,. 

Since the switch (6) is now in the course position (C), this voltage is 

btracted from that obtained from the potentiometer (1), which gave 
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. ! ; : : then 
us a measure of the distance X. Accordingly, in this channel, 
input to the Arma resolver is X — keyW,. By combining this in; 
with the analogous i input for the N-S channels, the output of the resol 
will then represent |X + Y — ke(W. + W y)|, or | V, T —keW|. Bi [his r 
the action of the switch (12), which is also in position “C), this quantity tional 
is applied as the input to the airspeed division circuit (52). Since thy voltag 
function of this circuit is to divide by the airspeed V,, and because its time-t 
output is by definition the source of the transformer voltage é9, we ar the at 
led to the following relation for the circuit loop under consideration by th 
> Ar y An al A 
V,T — keoW 1 : . : se 
- 5 = key or, ac” V, — Wi=([V,|. Fig. 
V,, 9 ‘s don 
The inputs V,, V, and W are, however, connected by the vector relat esolv 
5 + - : . * ‘ an,’ . differe 
V, — W = V,. Accordingly, we are led to identify kep with 7.’ |; 
A > "* oe # ° —_ tector 
the following paragraph it will be seen how the division by airspeed is ‘ : 
the at 
achieved, but, granting that this has been done, we see that the output r py 
. 1a 
of the unit (52) is a voltage which will serve as a measure of the tiny | 
ngie 
to-go 7. "ics 
° te Sal , . a has be 
In the airspeed division circuit (52) 
itor 
R the m 
¢ | R 1 , ’ 
where +r K(Va — Vao), €o is the output voltage, and e; is the input . 
voltage. Vis a constant which will be referred to as the lower limit ry 
of airspeed, and changes in the magnitude of r are proportional | | 
eas * Baro age cur. 
changes in V,. Since r = K(V,— Vao) the above equation may 
° ; ind fi 
rewritten 
us Th 
R, 
re Sr. ee reasor 
an ic umal 
If Ro is adjusted to equal the constant lower limit of airspeed, A Vu, th exists 
_ . uracy 
KI / nd 
CH = | = 5 = Cy a Tht 
KJ £ UrSE 
and the desired variation with V, is obtained. Suppose next the inp he co 
voltage e; is adjusted by moving the potentiometer arm (53) until pee 
this 
. I > | al , idual 
ke | ~ ; k i) " ’ 
J 10 , Yt eqt 
; L\ in 
” . ; : W . = 
For reasonabie values ol Vo and Vi (namely those for which 2 j COs (W, J ") ae 1) 
g 
‘ : . ame 
there is only one positive value of eo (Reo = T), which will satisfy the equation npr 
Seed : : 
i £2 2p By 
ke | tne co 


subject 1oO the condition V, . W = V, 
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input § key ——+—— = 7" 


[his represents a voltage which through the use of the desired propor- 
ntity tionally constant k, serves as a measure of the time-to-go 7. The 
e the JF voltage e9 which is proportional to time 7 can be introduced to the 
3€ Its time-to-go circuit (54) and thence to the time-to-go meter (55), where 
e ar the amount of time before the aircraft arrived at the point indicated 
n by the crosshairs will be shown. Likewise since the shaft position of 
the Arma resolver (8) now represents the direction of the vector OM 
Fig. 3), an indication of the desired heading can be presented. This 
is done by comparing the information of the compass selsyn and the 
resolver selsyn when switch (56) is in the course (C) position. The 
difference between these selsyn outputs is introduced to the phase de- 
tector (57), and thence to the PDI meter (58) which gives the direction 
the aircraft should turn to be on the proper heading. Figure 3 shows 
that this heading will be up-wind from the desired ground track by an 
ingle equal to the drift angle (6). Once the correct wind information 
has been found by the GPI, the computer will solve the course geometry 
utomatically for all directions of approach to the point P, and indicate 
the most direct route to reach that point. 


PART III. 
pul REQUIREMENTS WHICH THE USE OF GPI PLACES ON ASSOCIATED EQUIPMENT. 


1 t The accuracy of any navigational computer is dependent upon the 
,. | accuracy of the data which it receives; this is true both for mechanical 
‘ ind human computers. However, since a machine can keep a continu- 
us navigational log more accurately than is humanly possible, it is 
reasonable to expect that data sources sufficiently accurate for the 
human might not be so for the machine. On the other hand, there 
exists an economic limit to the price one will pay for navigational ac- 
curacy. In some instances extremely accurate navigation is essential 
ind, therefore, a machine is necessary. If a machine is necessary, of 
course, very accurate data are required from equipment associated with 
the computer. From this extreme on down, various navigational needs 
lemand varying accuracies from the navigational equipment. Because 
{ this it is almost necessary to treat each navigational problem indi- 
vidually. Therefore, the following discussion will consider the accuracy 
of equipment associated with GPI in light of its effect on the GPI, 
iving the limits of accuracy desired entirely to the reader. 


ompass Requirements 


By far the largest single factor affecting the performance of GPI is 
e compass accuracy. Since the GPI integrates the aircraft’s velocity 


nen 
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continuously along components of the aircraft’s heading, the velo 
must be resolved correctly regardless of maneuvers of the aircr 
Likewise, the fix and steering data are resolved into components « 
pendent upon the compass; therefore their accuracy also is a dit 
function of the compass accuracy. 

It is possible for GPI results to be affected by any of three differen; 
types of compass errors. The first of these is a random fluctuati 
about the indicated heading, and occurs regardless of the aircraft's 
maneuvers. The second type of error is constant for a particular hea 
ing. Usually this results from errors in alignment, calibration, or devi 
tion. Transient errors or temporary errors introduced by maneuvers 
the aircraft are the third source. 

Random errors affect the ability of GPI to navigate mainly by virt 
of those vector rate errors which they introduce when a wind determina . 
tionismade. Inthiscase the only part of the random error that matters fale 
is the change in error between the time of the first fix and the time ot re 
the second fix. The significance of these errors is illustrated by the 


omp.: 
PABLE I. 
GPI Rate Errors Caused by Random Compass Errors. 
Change ( pass Frror Time Between Fix: Fix Distance GPI Rate | 
B Fix minute niles) mpl 
5 1.0 IO 5 
1.0 _ LO 10.4 
0.5 2.0 1O 2.0 
1.0 2.0 IO 5.2 
figures shown in Table 1. In addition, random compass error at | 
time of the second fix will introduce a small fix error; but this is insig Ul 
nificant compared to the rate error. the G 
Constant errors affect the GPI in three ways; first, by presenting indica 
erroneous indication of distance traveled; second, by causing an erron error 
positi 


ous fix to be taken; and third, by causing erroneous rates as a result 
the fix errors introduced. The first of these is the direct result of rate: 
being resolved into components about the wrong heading. This result: 
in an accumulative position error. Figures for this are shown in Table 2 
Fix error is caused by improper resolving of the fix components, t! ' 
significance of which is shown in Table 3. 

Even though the compass error may be constant it is possible t 
its existence will introduce a vector rate error. The reason for this 
in the fact that the rates are resolved about an erroneous heading, thus 
their direction is wrong. This will not disturb the GPI operation unless 
an attempt is made to refer to the earth. Then, for instance, the wu 
vector would be off in direction. The mechanism by which the erro! 
introduced into the GPI is by means of fixes taken at two differ: 


| 
nN 
li 


1040. | GPI—Avutomatic NAVIGATIONAL COMPUTER 387 


Y PABLI 
rait GPI Error in Indication of Distance Traveled Caused by Constant Compass Errors 
GPI Err 
Compass Error per cent of distance traveled 
I 1.74% 
2 3.49% 
I 8.729 
, TABLE 3 
il 
GPI Fix Error Due to Constant Compe error 
PI Error 
ipa t fix d 
! 1.74% 
3.49% 
~ R =~ al 
In ; " ; 
ranges from the radar reference. With a constant compass error this 
4 results in two different fix errors. Since rate errors are a function of 
the difference in fix errors a rate error will result from this constant 
ompass error. This is illustrated in Table 4. 
TABLE 4 
GP] Rate Error Due to Constant Con pa Error 
Distance Be GPI Rate 
Fix O } l | rr 
i lO 
I 1O } 3 
LO 7 1 f 
IO } f 
Che effects of transient compass errors can manifest themselves in 
the GPI in three different ways. The first of these errors is in the 
indication by the GPI of distance traveled. Each time that a transient 
ni error occurs the rates will be resolved about the wrong heading and 
position error will accumulate. The amount of GPI error will depend 
ABLE 5. 
tion Error Accumulated per Turn Due to Transient Compass Error 
: a lime that the . ee lle - Ait " = 
that the sp ee Persists this error Vein each 
persist minutes minutes pn miles 
I I 1d0 0.05 
I > I [sO 0.19 
I I , 240 0.07 
~ I | 240 0.14 
5 I 1380 0.25 
5 2 I 180 0.50 
5 I } 240 0.35 
5 2 I 240 0.70 
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entirely upon the magnitude of the transient and the time for whic! 


persists as well as the velocity of the aircraft. Transient errors usual! 
arise as a result of turns made by the aircraft. Figures illustrating 


these errors are shown in Table 5. 

The second effect of the transient compass error is to cause fix err 
The fix error is entirely dependent upon the magnitude of the comp 
error and is the same as shown in Table 3. 

The third effect of transient errors is to cause rate errors the sa 


SS 


as those caused by random errors (Table 1). In this case, however, t}y 


rate errors brought about by erroneous fixes would be larger, becau 


changes in transient errors are of greater magnitude than those of | 
random errors. Further illustrations of these errors are given 
Table 6. 

TABLE 6. 


GPI Rate Errors Caused by Transient Compass Errors. 


Change in Compass Err rime Between Fixes Fix Distance GPI Rate Error 

Between Fixes minutes miles (mph 

I 1.0 1O 10 

1.0 10 52 

10 1.0 10 104 

2.0 10 5 

5 2.0 10 26 

2.0 10 52 


In summary, it can be stated that fix and integration errors are t! 


sf 


ia 


two major errors introduced directly by the compass. Rate errors i1 
wind determination are brought in by a change in fix error regardless 0! 


the source of error. One source is the compass. 


At this writing there exist several compasses with varying degrees 


of accuracy. However, these all have faults which make them und 


sirable as they are now constructed. Of the several compasses suitab! 


for aircraft use, the ‘“Gyrosyn”’ built by Sperry Gyroscope Company 


the most satisfactory since its basic design permits simple modifications 


which greatly increase its accuracy. 


Airspeed Meter Requirements 

The use of GPI requires that there be available a true ® airsp: 
meter from which in some manner a voltage can be derived. 1 
voltage must be proportional to the true airspeed of the aircraft. 
number of commercial meters exist, at this writing, which with 
without slight modifications fulfill the voltage requirement. 

6 ‘True airspeed’’ as distinguished from the commonly used “indicated airspeed’ 
measure of the true velocity of the aircraft relative to the air mass in which it flies. Indic 


airspeed is simply an indication of the relative pressure exerted by the air mass in the dire 
opposite to the motion of the aircraft, and as such, depends upon the density of the air. 
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[he accuracy requirement placed upon the airspeed meter is again 
, matter of judgment which depends on the navigational needs. Of 
course, if it is permissible to “determine wind”’ each time the airspeed 
or heading changes almost any meter will do since fictitious winds com- 
puted will compensate for the airspeed errors. However, if freedom of 
operation is desired and a correct value for wind is wanted, the airspeed 


requirements are more stringent. 

\irspeed errors, as with the compass, are of three types—random, 
transient and constant. The random errors do not affect the GPI oper- 
ition unless the magnitude of variation is extreme. Since most meters 
ire satisfactory in this respect, random errors will not be discussed 
further except to say that they cause position errors from moment to 
moment which are averaged out in the total mileage indication. Tran- 
sient airspeed errors usually occur in the form of a lag in response to 
changes of aircraft speed or altitude. This lag can cause either an 
integration error, or, if it occurs during a wind determination, a rate 
error. Since in most present day airspeed meters, the lag is of small 
magnitude and time duration, and also since it is common for aircraft 
to fly for long periods at a relatively constant speed, the integration 
rrors from this source are negligible. Likewise, a GPI operator, if 
necessary, can avoid any error from this source in wind determination 
by determining wind only when there are no radical changes in airspeed 
being made. 

\bout the only appreciable errors from present day airspeed meters 
ire the constant errors. These are usually caused by faulty calibration, 
1 improper installation. The effect of a constant airspeed error is to 
‘ause the GPI to compute a wind error of equal magnitude and opposite 
sense. An error of this type will not cause any error in the indication 
{ distance traveled as long as the heading on which the wind was de- 
termined is maintained. However, if a change in course is made, both 
in incorrect heading and rate will be indicated. The net result due to 
both the heading and the rate errors will be that the position indicated 
m the GPI dials will be in error by an amount which can be expressed 


- 6V, - tf. sin 


> 


« = Position error in miles, 

6V, = Constant airspeed error in mph, 
A = Angular measurement of change in heading in degrees, 
?, = time in minutes elapsed since turn was made. 


lable 7 gives some typical values for errors that might be expected from 
this source. 
In general, the true airspeed information available for GPI operation 


is good compared to other data such as the compass data. However, 
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rABLE 7. le 
Ba ; ce pends t 
GPI Position Error in Miles Due to Constant Airspeed Error at a Time f 
= 4 ‘ size O 

Ten Minutes After Making a Given Turn. 
ot tne t 


rrue Airspeed Error systems 


( nge Heading to make 


I mph 5 mph 10 mph owe ep < 
O 0.00 miles 0.00 miles 0.00 miles tribute 

= 0.01 miles 0.07 miles 0.14 miles Sine 

10 0.03 miles 0.14 miles 0.29 miles : 

20 0.06 miles 0.29 miles 0.57 miles signal 1s 

30 0.08 miles 0.43 miles 0.85 miles “ncide 

; . : ; . COINCICE 
go 0.23 miles 1.17 miles 2.34 miles 

180 0.33 miles 1.65 miles 3.30 miles issumec 

dar re 

PJ] P ; » Ky re | , . ‘ne chs? . i YY . rr - ° 

>PI Position Error in Miles Due te Constant Airspeed Error at a Time the tral 

30 Minutes After Making a Given Turn , 
i the 
] 

\irspeed Error pendent 

i iil uracy ¢ 

mp mpl a size of t! 
0.00 miles 0.00 miles 0.00 miles 
5 0.04 miles 0.22 miles 0.43 miles 
10 0.09 miles 0.43 miles 0.86 miles 
0 0.17 miles 0.86 miles 1.72 miles 
30 0.25 miles 1.28 miles 2.55 miles 
)0 0.70 miles 3.50 miles 7.00 miles 
180 0.99 miles 1.95 miles 9.90 miles 


some care should be taken when an airspeed meter is installed, for ever 


the best of meters perform badly unless they receive proper pressure ani f the ra 
temperature data. It will be found that if considerable care is taker nd pite! 
during installation and calibration, the airspeed errors in GPI will b The « 
negligible. ends on 


dye of a 


Radar Requirements Pa ieb 
ipparent 


The GPI requires that the radar system with which it 1s used provid me-half 
a synchronizing trigger and spinner (antenna) azimuth data. The fa signa 
trigger is usually derived from the radar output pulse. The azimutl thead of 
information is received from a selsyn unit rotated by the radar antenn nd the | 
assembly. In turn, the GPI provides an azimuth mark and a rang PPI th 
mark as an index on the radar PPI. dges. § 

The previous discussion has shown to what extent GPI depends upo! speed for 
fix information. The computation of fix determines present positio! spot size 
relative to a known land mark and indirectly determines the groun taneously 
velocity relative to that reference. Because of these two facts, an) leading e 
thing which contributes to the accuracy of fix determination is receiver § 
portant to the GPI performance. 0.5 millin 

The resolving power of a radar system is the factor which determines of the rar 
how accurate a fix can be taken with it. Further, this resolution «: the gap b 


1940. | GPI—AutTomatic NAVIGATIONAL COMPUTER. 391 


pends upon the transmitted frequency, pulse length, beamwidth, spot 
size of the PPI, PPI sweep speed (radial scale factor), and persistence 
of the tube. So far as this discussion is concerned, present day radar 
systems operate at high enough frequency and have short enough pulses 
to make extremely good navigational devices. On the other hand, the 
sweep speed, spot size, beamwidth and tube persistence, which con- 
tribute to GPI fix accuracy, leave something to be desired. 

Since the accuracy of GPI fix is dependent upon how well a reference 
signal is seen and upon the accuracy with which an index can be placed 
coincident with that signal, it is logical to consider this process. It is 
assumed for the present that the method of adjusting crosshairs to the 
radar reference is to make the azimuth mark bisect the reference and 
the trailing edge of the range mark just tangent with the leading edge 
of the reference. Accuracy of the range adjustment is largely de- 
pendent upon the spot size and sweep speed of the PPI tube. The ac- 
uracy of azimuth adjustment depends upon the beamwidth, range, and 
size of the target. Both of these factors are affected by the persistence 


TABLE 8 

sweep Speed Range Accuracy 
8 miles /inch 0.16 mile 
» miles /inch 0.12 mile 
miles /inch 0.08 mile 
2 miles/inch 0.04 mile 
1 mile/inch 0.02 mile 


{ the radar scope if the aircraft is traveling at high speed or is rolling 


nd pitching. 
lhe sweep speed which should be used on the radar set for GPI de- 
ends once more on the needed navigational accuracy. If the trailing 
edge of a range mark is considered to drop off instantaneously, then the 
ipparent point at which it drops off as it appears on the PPI will be 
one-half of the spot size of the tube beyond the true point. Likewise, 
if a signal rises instantaneously it will appear to start one-half spot size 
head of its true position. Thus, if the trailing edge of a range mark 
nd the leading edge of a signal were made tangential as they appear on 
PPI there would exist an actual gap of one spot size between the true 
edges. Since the spot size of a tube is constant regardless of sweep 
speed for sweeps commonly used with GPI, the distance in miles per 
spot size will change with sweep speed. If a signal does not rise instan- 
taneously the previous statements are still true and in addition, the true 
leading edge and trailing edge will also change as a function of radar 
receiver gain and PPI brilliance adjustment. Assuming a spot size of 
0.5 millimeter, Table 8 has been prepared to show the order of magnitude 
of the range accuracy in miles which might be achieved if it is assumed 
the gap between range mark and signal is one spot size. 


NSO ieee 
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A radar range measuring system can only be calibrated convenient 


: . : : : s landma 
for one particular sweep speed since the spot size will cause a signa! t 


appear at different apparent ranges on different sweeps. Since this js ok 8 
a fix error, there will also be the rate errors which are associated wit! igen te 
changes in fix errors. For instance, it can be seen that an erroneous if esi 
rate of 2.4 mph would be determined if the sweep speed were change dane 
from 4 miles/in. to 2 miles/in. during the process of measuring ‘en will 
a GPI wind, and if the time between fixes were one minute. This ee 
be caused by the difference in apparent range between fix one and fix ty at neitia 
of the wind measurement. For these reasons, it is recommended ree 
one standard sweep speed be used when making range measurements he cael 
[t is apparent that if the sweep speed is to remain constant the maxi bisa 
range at which a fix can be taken will be given as the product ot ihodes 
sweep speed in miles per inch and the radius of PPI scope in inches of lone 


unless special provision is made. It is suggested that the most desirab| 
method for avoiding the range limitation is to use a delayed swee; 
preferably of the offset-center type. This allows a fast sweep with | 
distortion to be used at ranges much greater than otherwise. 
Experimental tests performed by the authors have shown that 
range mark can be adjusted repeatedly to the same point on the | 
of the PPI tube within +0.o1 inches using the equipment discussed j 
this article. This figure has been called setability or resetability 
various authors. It should be remembered that this figure for setabilit 
is necessarily true only for the method employing tangential compariso1 
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mark. The true size of a radar reference is the same for one range a FP not effec 
another. Therefore, it would be expected that at great range the ang! tap wales 
subtended by the reference would be small and the angular accurac ies eis i 


with which that angle may be bisected is high compared with that used ia:s 
larger angles. On the other hand, if the radar beamwidth were assum: the radia 
to subtend a constant angle, the width of a radar signal would be ¢ & the aircr 


it 


function of the range multiplied by the sine of the angular beamwid 


This means that the farther the reference, the broader it would appea mar’ 
on the PPI; therefore, the accuracy of bisecting would below. Actuall: It ie 

what appears on the PPI scope, is a signal whose width is reference widt! raft are 
plus the apparent radar beamwidth at the range in question. Sin xceediny 
present antenna patterns do not achieve the ideal of constant illumin the relia 
tion regardless of range, the radar angular beamwidth appears to | machine 
narrower at great ranges than at short ranges. So, a signal in genera alculati: 
does not appear to increase greatly in width at great ranges. Theretor neters, ¢ 
as the reference approaches, the beamwidth increases, and the signa been of 

width is increased. This assumes that the reference echo itself remains BF With the 


constant in width. However, since the reflecting surfaces of various formerly 
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landmarks are different, their apparent widths may be wide or narrow 

r may even change as a function of range. Since the results are very 
much dependent upon the nature of the reference it is necessary that 
care be exercised in selecting radar landmarks to be used for GPI fixes. 
If point references are used, the azimuth resolution of the system is the 
determining factor for setability. The results of experimental work by 
the authors indicate that setability is approximately +0.6° on point 
references. This would indicate that with an excellent target located 
it ten miles the azimuth fix error in nautical miles would be +0.1 mile. 
Further, it is not unreasonable to expect wind determination errors on 
the order of six to ten miles per hour from this source. 

In addition to the range and azimuth errors just discussed, errors 
which will either add to or subtract from these may be caused by the use 
of long persistent PPI tubes. For example, if the GPI aircraft is 
traveling at a ground rate of 200 mph the edge of a signal will move a 
distance on the PPI corresponding to 0.16 mile during the period of one 
revolution of a ‘standard radar spinner.”’ If the persistence of the tube 
is such as to preserve one picture until the next is painted, then the 
targets will have indistinct edges of approximately 0.1 mile in the direc- 
tion of aircraft travel. Since all fix comparisons are made at the time 
when the signal in question is being painted on the radar scope, this 
particular effect of persistence only causes errors through operator con- 
fusion. However, the process could be made easier with rapid scan, 
low persistence radar systems. 

One effect of roll and pitch of an aircraft is to cause a blurred picture 
lue to motion of the signal on the PPI. However, the simple remedy 
{ placing the crosshairs at the time the signal is painted on the PPI is 
not effective in this case. This is because roll and pitch actually make 


the reference appear at a wrong azimuth position and therefore give 
rise to fix error. The only true solution to this problem (if it is to be 
used in aircraft where roll and pitch are prevalent) is to stabilize either 
the radar antenna or the GPI crosshairs to compensate for motion of 


aircraft. 

mary of Requirements 

it is felt that the GPI computers which have been designed for air- 
ralt are capable of navigating with precision equal to and with facility 
‘ceeding that of ordinary navigational aids used in the past. However, 
the reliability of any information supplied by the navigator or by a 
inachine such as GPI can never exceed the reliability of data used in 
calculating this information. Until recently, conventional airspeed 
neters, compasses, drift sights and other devices for collecting data have 
been of sufficient accuracy to satisfy the navigational requirements. 
With the coming of high speed aircraft, however, errors in navigation 
lormerly considered negligible will presently result in failure of the air- 
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craft to maintain its place in the trathce pattern, wasted air mileage (with 
attendant lowered efficiency), and increased cost of operation. 

GPI offers a convenient means for navigating, since it supplies c 
plete navigational information continuously and automatically and re. 
quires a minimum of attendance during flight. But the GPI can onl) 
perform as accurately as the associated components on which it depends 
The present accuracy of the GPI is such that further improvements in 
computer accuracy will not result in better system performance without 
improved results from the associated equipment. In particular, 
GPI has taken over all functions of navigation to the point where m 
sources of error may be traced to the compass. 


PART IV. 
TECHNIQUES OF USING GPI. 

The basic philosophy of GPI is applicable to other types of vehicles 
as well as aircraft. Indeed, the device that has been described in th 
preceding sections, although originally designed for aircraft, could very 
easily be modified for use on board ships, tanks, or other vehicles. |: 
fact, the procedures which have evolved from the use of the GPI equip- 
ment described herein might well be useful to the art of navigation 
regardless of the vehicle. Of these, perhaps the use of GPI to assist in 
the identification of towns, cities, or other landmarks is most interesting 
The principles of identification employed by GPI are not unique, but th 
GPI technique facilitates recognition of landmarks through use of 
navigational data. This technique, as well as other useful procedures 
is given in this article in order to illustrate some of the uses to which 
GPI can be put. The procedures given have all been used in flight an 
have been shown to be extremely satisfactory. 

Navigational Procedure 

The practice of GPI navigation has been made simple and permits 
accurate navigation with great facility. This procedure is outlined 1 
four steps as follows: 


1. Determine radar altitude. 

2. Measure wind. 

3. Set present position dials to indicate position of aircraft. 
4. Proceed with “‘check point” navigation. 

The radar altitude is found with the GPI by pushing in on the alt 
tude knob and turning until the range mark is coincident with the ! 
ground signal on the PPI scope. 

Wind is measured and entered into the computer by first setting th 
GPI crosshairs to any prominent radar signal on the PPI scope.’ 


7 The signal should be one which will not change in appearance during the next 


three minutes. 


ma pe 
the air 
then hi 
nave 
tne x | 
the cro 
KNOWN 
are tur 
crossh. 
hase WI 

Int 
t point 


b isc. 


east of 


“7 
miles ne 
present 
point (1 


posit te 8 


tion dia 


fin 


very 

I; 
quip- 
tion 
ist in 
sting 
it th 
se Ol 
lures 
vhich 
t an 


Nov., 1046. | GPI—AvutTomatic NAVIGATIONAL COMPUTER. 395 


switch button is pressed, and after a short waiting period, during which 
the crosshairs may drift away from the radar signal, they are reset to it. 
(hereafter, so long as the wind does not change, the crosshairs should 
remain in coincidence with any radar reference signal on which they 

set.° . 

Che fix dials indicate in N-S and E-W components the ground range 
ind direction to any reference on which the crosshairs are set. 

In Fig. 5 the fix dials (outer dials) show that the crosshairs are set 
mn a point which is 18 miles north and 11 miles east of the aircraft. If 
the aircraft should proceed to this point the zeros of the fix dials will 
then have moved under the cursor, and on the PPI the crosshairs will 
have moved into the center of the oscilloscope. Clearly, the zeros of 
the fix dials may be thought of as representing the crosshairs. Suppose 
the crosshairs to be set on a reference whose mileage coordinates are 
known with respect to home base. If the present position dials then 
are turned until these mileage coordinates lie opposite the fix dial zeros 
crosshairs), the present position of the aircraft with respect to home 
base will be indicated on the present position dials under the cursor. 

In the example of Fig. 5, the crosshairs have been set on the PPI to 
| point which is known to be 118 miles north and 61 miles east of home 


base. The fix dials indicate that this point is 18 miles north and 11 miles 
east of the aircraft. This means that the aircraft is 118 — 18 = 100 
miles north and 61 — 11 = 50 miles east of home base. In Fig. 5, the 


present position dials have been set so that the coordinates of the known 
point (118N and 61E) lie opposite the zeros of the fix dials. The present 
position of the aircraft is now indicated under the cursor on present posi- 
tion dials. This constitutes step three of the navigational procedure. 

lhe ‘check point” system of navigation is employed to indicate by 

ins of the PDI meter (Pilot’s Direction Indicator) the heading the 
urcraft must follow in order to pursue a given ground track. The 


inileage coordinates with respect to home base of any convenient point 


t 
vhich lies on the desired ground track are selected by reference to an 
eronautical chart or other source. This point is one over which the 


ircraft should pass in order to be on course (see Fig. 5), and it need 


not produce any radar signal. The fix dials are then turned until their 


eros come opposite the mileage coordinates of the point in question. 
his operation places the crosshairs over this point on the PPI scope 
ven though there may be no radar signal. If now the function switch 


s turned to the course position (C), the PDI meter will indicate a 


eading for the aircraft to fly which is upwind from the desired ground 


track by an amount equal to the drift angle. And the TTG meter 


time-to-go) will indicate the time in minutes before arrival at the 


Of the four steps mentioned above in the navigational procedure the processes of the 


wo have been discussed in Part II of this article. 
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selected point. This procedure of setting up check points for the GP| 
may be repeated as many times as desired until the aircraft arrive: 

its destination. If the aircraft has wandered off course during a tim R 
when the GPI may have been left unattended, the setting up of a si ina Se 
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PROCEDURE FOR CHECK POINT NAVIGATION. de 
STII 
. . . . . mM 
check point will bring it back to the prescribed ground track, and 
second check point will cause the aircraft to be turned on course. |! In 
the check point system is used, and if a new wind is found every tin far 
there is reason to believe it has changed, a predetermined course can b urpe 


flown very accurately. 
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Identification of Radar Signals 


Radar signals appearing on a PPI tube can be identified by use of 
the GPI. One procedure for this would be to place the crosshairs on 
the unknown signal and then to read the mileage coordinates of that 
signal from the present position dials opposite the zeros of the fix dials. 
By reference to a navigation chart showing these coordinates the geo- 

phic location of the unknown signal can be found. Conversely, if it 
is desired to select one desired signal appearing among a number of other 
signals on the PPI, it is only necessary to set the fix dial zeros opposite 
the mileage coordinates of the desired signal on the present position 
dials. Then the crosshairs will appear over the desired signal on 


the PPI. 


assification of Reference Points for GPI 
Che GPI technique divides reference points into three categories: 


1. Principal references are those which by nature of their shape o1 
position relative to other signals may be easily and positively identified 
by the use of radar with ordinary charts. GPI use is not essential for 
these references. Principal references are used to set the present posi- 
tion dials at the beginning of the navigational procedure. Since GPI 
is subject to a certain accumulative position error, the present position 
lials may have to be reset occasionally. This may be done only when 
the reference can be positively identified by radar alone. The impor- 
tance of using only principal references to set the present position dials 
s stressed. The philosophy behind this is that in the absence of positive 
identification, the best information available is that stored in the GPI. 

2. Intermediate references are those which appear as good radar sig- 
nals but are not easily identified without a complete knowledge of 
resent position. GPI use is essential for these references. 

3. Local references are those which appear as small, weak radar sig 
nals. There are usually many of these unidentified signals appearing 
nthe PPI. One of these can be picked up and identified by manipulat- 
ing the fix dials to known coordinates of the reference and allowing the 
‘rosshairs to identify it on the radar scope. ‘The aircraft’s destination 
nay well possess such characteristics. If the crosshairs are set to the 
lestination signal on the radar, the GPI will compute a very accurate 
stimate of arrival time. 


In general, it should be stated that only some known discreet point 

i reference should be used for fix or wind determination. The only 
purpose that the remaining larger portion of the reference point serves 
is to aid identification. 
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Future GPI Techniques 

The description and procedures of the preceding sections are c 
cerned with a specific version of GPI. This GPI uses a rectangula: 
coordinate system of computing and presenting data. Furtherm 
this GPI requires an operator to judge when changes in wind mak: 
necessary a new computation of wind. At this writing there exist ii 
the design stage several new types of GPI which treat these problems 
differently. 

A unit designed by the Radiation Laboratory is expected, as a resul! 
of new construction techniques, to weigh only thirty-five pounds i: 
addition to the radar system. This design permits present position to 
be shown in latitude and longitude. Identification can also be made in 
latitude and longitude while the presentation of fix is given as miles fr: 
aircraft to reference. The major change that is made for a lat.-long 
presentation is multiplication of the E-W rates by the secant of degrees 
latitude representing the N-S position. This design also provides 
system of counters and differentials in place of dials. With a system o! 
this type there would be three sets of counters, one giving fix presenta 
tion, a second giving present position of the aircraft, and the third giving 
the position of the crosshairs relative to home base. The third set could 
be labeled identification. The counters would then be used in the san 
way as the dials, but their presentation would be clearer. 

Other refinements of the GPI philosophy will almost surely includ 
continuously automatic altitude measurement. At this writing, ope! 


torless GPI’s are being designed which solve continuously all problems 
of navigation including the determination of drift angle. This type o! 


GPI does not require a search radar but rather uses sonic or radai 
doppler principles, or beacons to obtain continuous data relative 
ground speed and drift. 

The authors are greatly indebted to Dr. L. J. Laslett for his edito1 
comment and assistance. 

The initial phases of the development of this navigational techniqu 
are largely due to the efforts of B. Chance, I. A. Greenwood, J. W. Gray 
D. MacRae, R. Kelner, W. Proctor and A. C. Hughes. As the develop 
ment grew the efforts of many others were required including R. kh 
Mosher, A. S. Bishop, H. J. Reed, G. W. Rodeback, S. A. Martin, -\ 
H. Fredrick, F. B. Dibble and G. A. Jarvis. 
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CHAPTER I. HISTORICAL RECAPITULATION. 


Conservancy achievement is marvelously predominant in the an 
history of China. Dating back about 2000 B.C., there was an enorn 
flood, which inundated the greater part of China. And it was the : 
famous Emperor Yu, a sage and also a hydraulic engineering genii 
who rose from a humble life, and with his remarkable ability pa 
the flood and made the whole China soil suitable for cultivation, 1 
effecting the unification of the Empire. On the abdication of Empe 
Shun, Yu took the throne in 2205 B.C., and was made the first Em, 
of the Hsia Dynasty. So at that time, the primitive central govern: 
of China was founded on the basis of conservancy accomplishment 

Later in the Chou Dynasty conservancy enterprises were still gr 
emphasized. As described in the classic, ‘Chou Rituals,”’ a com 
system for irrigation and drainage was definitely devised. Towar 
decline of the Chou regime, the feudal states made constant wai 
each other and became careless about river works. During the reig: 
Emperor Ting, about 600 B.C., the Yellow River began to make troub! 
Conservancy works again drew the attention of the government in 1 
Chin Dynasty, which began to rule the whole empire in 256 B.C.; t! 
famous Chen-Kou Canal in Shensi province and Tu-Kiang-Yen Can 
in Szechuen province were among the hydraulic accomplishments whi 
led to great prosperity of the people. Liang Canal and Ling C 
connecting the northeast with the southeast and southwest of 
country, and Ning-Hsia Canal, dug by the great general Mon-D 
irrigating a vast area on the northwest frontier, were made in the ( 
Dynasty. 

The hydraulic works in the Han Dynasty achieved great imp 
ments, and irrigation was characteristic of theage. Irrigation canals 
reclamation were extensively developed in Ning-Hsia province as 
west as Ching-Hain. And irrigation systems were universally adopt 
in China Proper. The Sui Dynasty, A.D. 589-618, was famous for t 
excavation of the Grand Canal, which is the oldest and longest « 
ever in existence, extending from Peiping to Hangchow, covering 
distance of 2074 kilometers, passing through Chekiang, Kuan; 
Shangtung and Hopei provinces. For many centuries it was the 1 
artery of communication between the north and the south, servings 
the transportation route for the government’s tariff (in the form of 1 
and ordinary commodities). 

During the East-Han Dynasty about A.D. 150, a noted schol 
named Wang-Ching, proposed to erect sluice gates, every three miles 
along the river dykes for the purpose of relieving the flood water 


irrigating the land. This won the admiration of the people, and Wang: 


Ching has been worshiped as a hydraulic genius only next to Emper 
Yu. His teachings about river works were and are still consider 
of permanent value. In the following Dynasties, we had also n 
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excellent hydraulic experts, notably, Cha-Lu of the Yuan Dynasty, 
Pan-Ki-Ching of the Ming Dynasty, and Chin-Fu of the Ching Dy 

nasty, who all rendered invaluable services on river work, especially 
nn the Yellow River, and whose theories and principles for the execution 
ff works were closely in coincidence with those of modern scientists of 
estern countries. 

In former times, hydraulic works, mostly based upon personal 
‘xperience, were performed in a non-scientific manner. It was not 
until a few years before the founding of the Republic that Mr. Chang 
Kien of Nan-tung, Kiangsu, began to adopt Meteorological and Hydro- 
netric observations to be applied on river works, thus laying the 

undation for the modern hydraulic engineering in China. After the 
stablishment of the National Government in 1927, various conservancy 
dministrations have been organized for the principal waterways in 
the country, such as the Yellow River Commission, Yangtse River Com 
mission, North-China River Commission, Huai River Commission and 
Pearl River Commission, to take charge of all Conservancy matters, in- 
luding navigation, irrigation, flood prevention, and development « 
vater power in their respective drainage basins. Also the Centra 
Hydraulic Laboratory has been established for the purpose of testing 
ind making all hydrometric appliances of more or less experimental 
nature. Considerable reconstruction works had been or were being 
made by these various organizations before the outbreak of the present 


yi 
| 
Li 


Japanese aggressive war. But, of course in the occupied area they hav 
ill been devastated by the enemy. 
In the following paragraphs, we shall give a brief description on 
me of the conservancy works already accomplished before the war by 
the aforementioned offices, for the sake of reference, and shall describe 
some recent works executed during the war, and also mention something 
bout our post-war projects, to show that China’s resistance war and 
ts rehabilitation work were carried out on somewhat paralleled lines. 


CHAPTER II. PRINCIPAL CONSERVANCY WORKS SINCE THI 
REVOLUTION OF 1011, UP TO THE WAR 


Section I. On North China Rivers 


|) Flood Prevention. By North China, we mean the vast area ol 
ut 622,000 sq. kilometers, situated north of the Yellow River, with 
untainous terrains in the western part and an alluvial plain in the 
eastern part, drained by many turbulent waterways, of which the 
Yung-Ting River is the most trouble-making one, being heavily laden 
ith silt. Owing to its nearness to Peiping, the capital of China for 

iny dynasties, the Yung-Ting River’s condition always drew the first 
ittention of the government. The river bottom was continually raised 
y silt deposit, resulting in overflow and inundation, and the only way 
lor the officers in charge to tackle the problem was to build the levees 
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up higher. But any breach in the dykes still caused disasters. | 
Hoods of 1917, 1924 and 1929 were all big calamities in North Chi: 
Therefore the conservancy problem for that area is chiefly one of flo 
prevention, for which the following works were purposely made. 

a. The Southern Dyke Around Tientsin. During the flood of 1917 


the Tientsin municipality was submerged for three months. In thy 
following year a dyke was built around the southern suburbs, and pro- 


longed in 1920, and again prolonged and strengthened in 1924, thus 


completing a wall for protection against floods. 

b. The Regulators on the North Grand Canal. The upper northern 
Grand Canal breached its dyke at Li-Suig-Chen, east of Peiping 
1912. It was closed in the spring of the next year but was opened again 
during the Autumn flood of the same year. Later in 1923, the Chili 
River Commission began to excavate a new canal, 7 Km. long, and t 
construct 2 regulators at the site, one with 39 openings, and another wit! 
19 openings. All these works were completed in 1925. 

c. The sluice at Tu-Men-Liu. For the purpose of controlling th: 
discharge of North Grand Canal, a sluice was constructed at Tu-Men 
Liu, the junction of Grand Canal with the Ching-Lon-Wan River, in 
addition to an original spillway. It consisted of 40 openings, each 3 
m. wide, so that the surplus water in Grand Canal could be controlled 
by diversion into the Ching-Lon-Wan River. 

d. The New Diversion Channel at Ma-Chang. The diversion chan 
nel at Ma-Chang was originally excavated about 1880 to release th 
flood water in the South Grand Canal, but being without proper r 
pairs, it had become out of order. In 1918, The Chili River Commis 
sion undertook to excavate a new diversion channel connecting wit! 
the old one to accommodate a maximum discharge of 100 cu. m. per 
sec., and also to construct at its inlet a sluice of 6 openings, for th: 
perfect regulation of the flow. 

e. The Shin-Kai River Sluice and its leading channel. The function 
of this channel was to discharge a part of the flood waters in the Yung 
Ting River, the Tse-Ya River and North Grand Canal. A sluice o! 
14 openings, each 3 m. wide, was constructed in 1919, capable of pass 
ing 220 cu. m. per sec., with a lock provided at its side for navigation 
The channel was 13 kilometers in length. 

f. The Closing of Yung-Ting River Breaches. Between 1912 an 
1929, the dykes of Yung-Ting River were broken six times by floo 
water, each causing a disaster of considerable magnitude. All the gaps 
were closed in due time. The closing work of 1924 was accompanie( 
by the erection of several stone spur dikes which subsequently prove 
very effective, and in 1929 the Marco Polo bridge with its adjacent 
spillway was extensively repaired, together with other protection works 

g. The Loong-Foon River Regulator. Loong-Foon River flows int’ 
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the Grand Canal, south of Tientsin. But the flood water in the latter fre- 
quently flowed back into the former, causing inundations therein. In 
1935, there was constructed at the junction of Loong-Foon River a 
regulator of 8 openings, each 4 m. wide, which has done away with the 
backwater effect. 

h. Yung-Ting River Project. A complete project for the improve- 

ent of Yung-Ting River was drafted in 1931 by the North China 
River Commission. Its chief aim was to diminish the silt content and 
to minimize the flood water, taking into consideration the opinions ex- 
pressed by the experts from the League of Nations. Its principal work 
consisted of the construction of the Kwan-Tin Reservoir. The site of 
lam began to be tested with borings in 1935, and would have been 
finished by 1940, had not the war broken out. 

i. Other Projects. Other projects of importance, set forth by the 
North China Rivers Commission, included the Ta-Ching River Diver- 
sion Channel, Tse-Ya River Diversion Channel and Kia-Kan River 
Works, of which all the plans had been adopted, but not executed due 
to the war. 


2) Navigation. Inthe North China Plain, the Hai River connect- 
ing Tientsin Municipality to the sea, is the most important waterway 
so far as navigation is concerned. Other waterways such as Grand 
Canal, Lur River, Ta-Ching River, Tse-Ya River and Liao River are 


ll of navigational importance. 

a. Liao River. It is the chief navigational artery in the three 
eastern provinces. In the flood of 1908, two-thirds of its discharge 
were diverted away through breaches to the countryside, making th« 
navigation situation extremely precarious. The then local government 
established the Liao River Engineering Bureau in 1914 to take care of 
it, and all sorts of improvement works including dredgings, cut-offs, 
rainings and regulators were made in subsequent years. 

b. Hai River. The Hai River, 45 km. in length, is the main outlet 
of five big waterways. The first steps of improvement taken by the 
Hai River Works Bureau were to close side channels, erect spur dykes, 
ind make cut-offs, supplemented with continuous dredging. Besides, 
the excavation of sand banks in the estuary, the ice-breaking in the 
winter time and the silt-depositing on the shallow land by the riverside 
ll produced fairly good results. The Bureau was later reorganized into 
the North China River Commission, which functioned up to the war. 

c. Grand Canal. As mentioned in the preceeding pages, the Grand 
Canal has been the main transportation route between the north and 
the south for more than one thousand years. But since the completion 
! Tientsin-Pukow Railway, a parallel communication line, about forty 
years ago, the traffic on the Canal has greatly diminished. In 1933, 
1 Commission for the regulation of the Canal was organized by all 
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otfices concerned, local or governmental, and formulated a project 
its improvement, which was never executed. 


3) Irrigation. North China, being a vast agricultural plain 
of comparatively arid climate; therefore irrigation works are alw 
deemed necessary. In the former days, those works, made by k 
people, did not prove very satisfactory. Later, the Agricultural 
Conservancy Commission of Hopei Province, assisted by the Int 
national Famine Relief Association, exerted efforts to carry out n 
irrigation plans, which had good results. 


a. How-Tu River Irrigation Works. ‘This was a plan to draw wat 
from the How-Tu River to irrigate four districts, covering an effect 
area of 20,000 acres, costing about $600,000. The engineering wor 


took three years from 1933 to 1935. 
b. The first irrigation plan of Sang-IKkan River. The plan was 1 


] 


draw silted water from Sang-Kan River to irrigate and silt up the lan 


on both sides of the river, covering an area of approximately 160,00 


acres. The weir and head works had been about 90 per cent. complet 
at the outbreak of the war. 
c. Yang River Irrigation Works. This project, like the former o1 


was planned to irrigate with water, but at the same time to utilize its 


silt content to fill up the shallow land. It was located in Char! 
province, taking water from the east Yang River, and covering an ai 


of about 33,000 acres, to the north of Peiping-Suiyuan Railway. Its 


dam site was tested, and decided upon in 1927, but construction wi 
was suspended due to the war. 


d. Golden Gate irrigation and silting works. ‘The plan was to utiliz 


the water from two openings of the Golden Gate-Sluice of the Yun 
| 


Ting River, south of Peiping, to irrigate and silt up an area of abou 
pin 


17,000 acres. This work was largely performed by Jan. 1937. 

e. King-Chung River Reclamation Project. This project was 
provide a drainage system on the low land, and to have the water c 
lected and pumped to a new channel. When necessary, the water 
the new channel was taken back for irrigation. This was complet 
in 1935. 


4) Experimentation. \n 1935 the North China River Commiss 
purchased a piece of land of 700 acres area at Ning-Ho-Hsien, Hop 


for experimentation purposes. Nine-tenths of the area was used 


V} 


model irrigation, and the rest used as an experimentation field to test 


the rates of water consumption with various kinds of crops, throug 
different methods of irrigation and drainage. 


Section II. In the Yellow River Basin. 


1) Flood Prevention. Wnown as China’s Sorrow, the Yellow Riv 
has caused so many disasters in Chinese history, that the cent: 
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-overnment in the earlier dynasties always appointed special governors 
or the river, and expended enormous amounts of money for its 
ontrol, but no reliable solution has so far been reached. The Yellow 
River Commission, inaugurated in 1933, began to devise plans for its 
yrmanent control by making detailed surveys and laboratory tests, 
nd also repaired various parts of dykes and from time to time closed 
lifferent breaches. Within the first four years of its organization, the 
Commission had completed the topographic and leveling surveys in the 
vhole lower reaches of the river, together with the collection of hydro- 
sraphic and meteorological data. A few of the projects and works ar 
s follows: 

a. Projects for Regulation of Channel and Storage Reservoirs. The 
egulation of the channel around the Peiping-Hankow Railway bridge, 
he regulation of the channel at Tung-Hwa-Shien, the plan for a diversion 
hannel near Tu-Hsien River, the plans for storage reservoirs at Shen- 

and Pao-Chi-Sha, and the plan for training walls at the estuary 
vere all among the finished projects ready for execution. 

b. Dyke Works. The dykes of the Yellow River were originally 
taken care of by the different provincial authorities concerned. Since 
the Yellow River Commission came into existence, it has exerted a unified 
ontrol. Three well known breaks of dykes at Fong-Liu in 1933, at 

Kwan-Tai in 1934 and at Tung-Chwan in 1935, kept the Commission 


uusy to its full capacity, and were all repaired with enormous effort. 
Besides, the Commission built various bank protection works, dyke 
strengthening works, spur dykes, closing dams on branch channels, 


nd the regulation of some tributaries. 


2) Irrigation. In Shensi province, we see the most efficient and 
‘tensive systems of irrigation in the whole of China. They wer 
sponsored and personally directed by the late Professor H. Lee, a noted 
ydraulic engineer and scholar. Owing to the fact that these irrigation 
systems all take water from the tributaries of Yellow River, we mention 
them under this general heading. 
Gin-Wei Irrigation System. Drawing water from Gin River, the 
Gin-Wei canal approximately followed the trace of the ancient Chun- 
‘ai canal of the Chin and Han Dynasties, and ran through five hsiens, 
apable of irrigating more than 100,000 acres in a complete system ol 
sub-canals and irrigating ditches. Its construction took two years 
irom 1931 to 1932. 
b. Wei-Wei Irrigation System. The Wei River drains the vast 
lain of Shansi, which is fertile soil from an agricultural point of 
The Wei-Wei irrigation canal, diverted from the Wei River at 
Wei-Chia-Pao where a dam and head works were built, ran along 
ie north bank to sub-canals and ditches, covering an irrigation area 
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of about 90,000 acres. The construction work took four years froy 
1935 to 1938. 

c. Mei-Wei Irrigation System. This irrigation canal started { 
a point about 10 miles southwest of Mei hsien, where it took wate: Lal 
from the Shih-Toa River, and covered an area of about 14,000 acres 
Its construction was started in 1936 and was finished in 1938. 

Besides these there are nine other completed irrigation systems, al tal 
in Shensi province. 


(3) Model Tests and Erosion Prevention. The Yellow River Com- to | 


mission in 1936 secured a piece of land, about 40 acres in area, at Kai ind 
Fang, Honan, for a large scale laboratory. It intended to make mod fro 
tests for the maintenance of river channels. The Commission als 

established an erosion prevention laboratory at Ling-Pao, Honan, but Fe yor 
the testing works were all suspended on account of the war. whi 


Section III. In the Huai River Basin. 


The Huai River, originating in Honan, running through Honan 
Anhui and Kiangsu provinces and emptying into the sea with a tota 
length of more than 800 km., has had a long history of floods and in 
undations, with an especially severe flood in 1931. Therefore the prob- | 
lem of Huai River is chiefly one of flood prevention, supplemented wit! | 
navigation, irrigation and power development. 


(1) Flood Control Project. The Huai River Commission, since its 
inauguration in 1929, has proposed a complete project, in which th 
flood water of Huai is regulated to flow both into Yangtse River an 
east to the sea, and the Hung-tze Lake is utilized as a storage reservoi! 
to diminish the flood discharge down stream, as well as to help navig 
tion and irrigation when necessary. It comprises seven subproj 
for the regulation of the whole Huai River Basin. ) 

(2) Navigation Project. \Vithin the Huai basin, there are many ss 
navigable watercourses, which become non-navigable during low water f tae 
times. The solution for navigation, as outlined in the said project 0! om 
the Commission, is to build dams and locks so as to canalize the streams 7 

a. Navigation Project for the Grand Canal. The Canalization o! lead. 
the Grand Canal in a length of 430 Km. required five locks with dams 3 

b. Navigation Project for the Huai River proper, leading to thi t tl 
Sea. This channel is led down from Wan-Yuan to Loong-Kou, wher 
it is divided into two routes to the sea. The whole line, 483 Km. long 
can be canalized by means of 4 locks and 3 movable dams. 4 


(3) Irrigation Projects. The vast area, drained by Huai River ' ind 
mostly of fertile soil, especially the area to the east of the Grand Cana 28 p 
It is schematically divided into four irrigation districts as follows: plete 
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fro a. Li-Shia River District. It includes six hsiens with cultivable area 

| about 2,500,000 acres. 

Fron b. Kao-Pao Lakes District. It is situated southeast of Hung-Tze 
water Lake, west of Grand Canal, around a series of lakes, covering cultivable 
acres rea of about 300,000 acres. 

c. Tung-Yang Canal District. It is on both sides of Tung-Yang 
ns. al Canal with cultivable area of about 350,000 acres. 


d. The Coastal Reclamation District. This big area, about 600,000 
acres along the coast, is harmed by salt water from the sea, and in order 


Ci to be converted into cultivable soil must be reclaimed with drainage 
Kai ind irrigation systems, and at the same time protected from overflow 
mod from the sea. 
1 als Also, the land, on both sides of Middle Grand Canal, and to the 
1, but Fe north of Old Yellow River, comprises an area of about 3,000,000 acres 
which is also cultivable and in need of irrigation. 
(4) Water Power Development. Vhe Electric Water power develop- 
_ ment works, as contained in the complete project, proposed by the Huai 
beste River Commission, include the following items: 
nd in a. Chiang-Pa Water Power Plant at the mouth of Hung-Tze lake. 
prob- b. Wishan Lake Water Power Plant. ; 
1 wit c. San River Water Power Plant near the site of the weir. 
d. Lin-Kien Water Power Plant near the site of the wier. 
= 5) Works Already Executed in the Huai River Basin. Since the pro 


be th posal of the complete project in 1932, the Huai River Commission care- 
fully selected several items contained therein for execution. These 


=i works, either already completed, or still under construction when the 
ite var broke out, will be briefly mentioned in the following paragraphs: 
ojects a. Those already completed: 

1. Excavation of Chang-Foo River for a length of 31 Kms., which is 
m the main channel for the flood water of Huai River to the sea, and also 
Wi the transportation line from the Huai to the Grand Canal. This was 
ect ompleted in 1933. 
eams 2. Construction of Shao-Pai, Huai-Yin and Liu-Kien Locks with 
‘on of leading channels. AIl were opened to traffic upon completion in 1936. 
dams 3. Construction of Kao-Yu lock, and repairing and strengthening 
‘o th ! the west dyke of the Inner Grand Canal, and closing of 27 culverts 
wher in the dyke. Work on west dyke was completed in 1935, and Kao-Yu 
long lock completed in 1936. 


4. Construction of stone protection works which were formerly com- 

osed of mattresses, on the west and east dykes of Inner Grand Canal 

ver Is ind repairing of culverts thereon—g4o places for dyke protection, and 

‘anal 28 places for culverts and retaining walls. These works were com 
pleted in 1936. 
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5. Improvement of Wei-Chi Weir near Huai-Yin. This was co: 
pleted in 1937. 

6. Excavation of all channels leading to the sea, and the constructio: 
of sluices thereon. Excavation and regulation of all these chann 
were first undertaken by the National Flood Relief Commission aft. 


the disastrous flood of 1931, and later continued by the Huai Rive: 


Commission with sluices, being completed in 1935. 

7. Excavation of the Old Yellow River Channel as a passage for t! 
partial discharge of the Huai River to the sea. This work, with tl 
collaboration of the Kiangsu Provincial Government, utilized the labo: 
of the farmers after harvest and was admirably performed in the spring 
of 1937, in conformity with the proposed plans. 

8. Yang-Chuang Regulator. The construction of this regulat: 
began in 1935 and was finished in June 1937. 

9. Excavation and Regulation of Liu-Tang River. Being the outlet 
of the Yi River, the Liu-Tang River was excavated and regulated wit 
farmers’ labor, commandeered by the Kiangsu-Provincial Government 
in 1934. New dykes of 304 Kms. length were built, and shallow channe! 
of 20 Kms. length excavated. 

10. The preliminary regulation works on the lower reaches of th 
Yi River and Shu River. The works, covering a distance of about & 
Kms., were also made by commandeered labor in 1935. 

11. Repairing the main dyke around Hung-Tze Lake. The main 
dyke around Hung-Tze lake from Chiang-Pa to Kao-Liang-Kien wer 
extensively repaired in 1936. 

12. Repairing the dykes to the west side of Wishan Lake and thos: 
on the Yi River and the Shu River. ‘This work, covering a total lengt! 
of dyke of 1242 Kms., and dredging more than 4,000,000 cu. m. of earth 
was completed in the spring of 1937. 

13. Repairing the dykes on the upper and middle portions of Hua 
River, together with the construction of various culverts. This was 
undertaken by the National Flood Relief Commission in 1931. Thi 
total accomplishment included dyke repairing of 945 Kms., excavatin; 
of North Wi River for 26 Kms., and the construction of 66 culverts. 

14. The irrigation works at An-Foong-Tang, Anhui. The work wa 
finished in 1937. 

15. Excavation of Cho River. Affected by Yellow River, the Ch 
River had caused floods every year. The work was done early in 1915 
by local authorities by dredging up the original channel of the Ss 
River, thus getting 100,000 acres of land reclaimed. 


1. Excavation of the shallow reaches of Huai River in Anhu 


province. 
2. Construction of additional culverts for the Huai River in Anhui 
3. Construction of San River Regulator with leading channels. 


oO: 


d. 
Pribt 
Relie 
flour 
dy kes 
ind < 
both 

b. 


water 
i slut 


U 


Nov., 1940.]| PROSPECTS OF CONSERVANCY WorkKs IN CHINA 409 


4. Preliminary dredging of the Grand Canal below Liu-Sah for navi 
gation. 

5. Construction of the Chow-Man Regulator. 

6. Construction of the weir of Liu-Kien at the mouth of Liu-Tang 
River. 

7. Construction of culverts on the Middle Grand Canal near Liu 
Kien. 


8. Construction of culverts on the Old Yellow River Channel. 


Section IV. In the Yangtse River Basin 


he Yangtse River is the largest river in China, and also in Asia. 
Generally it is beneficial to the people, and is navigable throughout the 
vear for fairly large steamboats. Specifically it sometimes causes flood 
in its middle or lower portions. Improvement works were mostly ap 
plied below Hankow, and considerable literature was published on 
studies of Tung-Ting and Tai-Hu lakes. 


1) Flood Control. 


a. Construction and Maintenance of Dykes on the Yangste and Its 
fributaries. After the extraordinary flood of 1931, the National Flood 
Relief Commission through American loans in the form of wheat and 
flour did remarkable works on dykes. By completing 1832 Kms. of 
dykes on the main course of Yangtse, 575 Kms. on tributary Kan River, 
ind 340 Kms. on tributary Han-River, it made the main dykes along 
both sides of Yangtse continuous all the way below Sha-tze. 

b. Construction of Sluice and Dam on Hwa-Yang River. Hwa 
Yang River, a tributary of Yangtse, drains a basin consisting of a series 
{ lakes between Hupei and Kiangsi provinces. For controlling the 
water in the drainage area, the Yangtse River Commission constructed 
i sluice and a dam at its mouth into Yangtse, which were largely com- 
pleted when the war broke out. 

c. Pai-Mao Sluice. Pai-Mao River is the connecting water-course 
between the Tai-Hu and the Yangtse. A sluice was erected at its 
mouth into the Yangtse by the said Commission in 1936 for the purpose 
{ checking the back flow of Yangtse high water to the interior land. 


2) Navigation. The Whangpoo River, connecting Shanghai to the 

i, is the most important navigational route in the Yangtse basin. It 

is the Whangpoo Conservancy Board which has long taken sole charge 

1 the river, and has made it possible to accommodate sea-going vessels 
4! 9.2 meters draft for passage up to Shanghai. 

3) Irrigation. For the reclamation of Kin-Shui area in Hupei 
province, the Yangtse Commission constructed in 1935 a dam and a 
sluice on the waterway leading to the Yangtse, which produced very 
good results. 


410 BAZIN SHEN. [. 


Section V. In the Pearl River Basin. 


Within the Pearl River drainage basin, the excavation of the | 
Canal made in the Chin Dynasty and the irrigation enterprise of the Han 
River, made in the Sung Dynasty were both brilliant in history. Thy 
following are some conservancy works done in recent decades. 


(1) Flood Prevention. 

a. Kao-Yao and Sung-Loong Protection Works. These works \ 
made on the east bank of the Sung-Loong River to defend an a; 
cultural area of 23,000 acres, being completed in 1927. 

b. Yao-Ming Protection Works. Situated at Kao-Ming on 
West River, they protect a cultivable area of 20,000 acres, being co: 
pleted in 1937. 

c. Shin-Shin River Protection Works. These works protect an ar 
of 1,000 acres, and were planned to be completed in the summer of 1938 

d. Lu-Poa Regulator. It was constructed at Lu-Poa on the Nort! 
River in Kwang-tung province for the purpose of reclaiming an area o! 
36,000 acres. The construction work lasted for four years, from 192 
to 1924. 

e. Ma-Shih Protection Works. It is situated at Ma-Shih on thi 
East River, covering an area of about 40,000 acres, and was planned to 
be completed in 1924. 

f. Han-Chih Protection Works. These are to protect an area « 
11,500 acres and were completed in 1936. 


(2) Navigation. 

a. Improvement of the Front Navigation of Pearl River. By this 
we mean the navigation line in the north branch of Pearl River fron 
Sha-Mei to Whanpoa Harbor. Improvement work was divided into 
two parts, inside of the harbor and outside of the harbor. The forme: 
part was finished before the war. 

b. Improvement of the Rear Navigation of Pearl River. By this is 
meant the part of the estuary on the navigation line between Canton 
and Chang-Chow. It was largely finished when the war broke out. 

c. Excavation of the Navigation Channel at Chon-Chuen. It is 
an important portion of the navigation route on West River. Work 
was started but not finished. 

d. Regulation of Ssu River and Yu River. Ssu River and Yu 
River are two important transportation waterways in southern Kwangs! 
and Western Kwangsi respectively, both being the tributaries of West 
River. Regulation work on both rivers are already finished. 

e. Regulation of the Kwei River. The work has already been 
finished by the Hunan-Kwangsi Waterways Engineering Bureau, mak- 
ing the time for navigation between Kweilin and Bin-Lo shorter by 50 


per cent. 
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(3) Irrigation. As to the irrigation work on Pearl River, great em- 
phasis was given to the drainage of the delta area. Besides, Tung 


| 
Lake of Wei-Yang on East River, and Foong-Lo-Yuan and Ching-Foo- 
Yuan on West River were all surveyed and planned for irrigation, but 
only a part of Foong-Lo-Yuan was executed. 


Section VI. Hydraulic Researches. 


Since the National Economic Council took charge of the conservancy 
iffairs in the whole country as one of its important functions, in the 
winter of 1934, it began to organize various river commissions according 
to their respective drainage areas, and to establish several hydrauli 
laboratories for research, one at Tientsin and the other at Nanking, 
but later removed to Chungking. 


1) Laboratory Tests. 

a. The Central Hydraulic Laboratory. It made various successful 
tests on construction models and has manufactured different kinds of 
surveying instruments. The following are some of the activities. 


Model test for Yang-Chuang Regulator. 

Model test for San River Regulator. 

Model test for Ma-Tang section of Yangtse River. 

Model test for the spillway on Hwa-Yang River. 

Model test for the sluice of Hwa-Yang River. 

Model test for the regulation of Chin River section of Yangts 


Test for the movement of bed load. 
Manufacture of current meter, sounding meter, tide meter, etc. 
b. The First Hydraulic Laboratory at Tientsin. It did many testing 
works, before the invasion of the enemy, of which some are as follows 
1. Model test for the energy dissipators for the dam of the Kwan 
lin Reservoir on Yung-Ting River. 
2. Tests for streams carrying loess silt. 
Model test for the energy dissipators for the weir at Marco Polo 


1. Tests for the erosion and transporting force for canals in loess. 
5. Tests for permeable dams. 


2) Hydrological Surveys. Since the founding of the Republic otf 
China, hydrographic data were generally observed and used for thi 
lesigns of hydraulic works. According to a census made public by the 
National Economic Council, there were, in 1934, 1470 rain gauge 
stations, and 152 hydrological stations in addition to 270 water gauge 


stations, 
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Aerial Surveys. Aerial Surveys were made in 1935 by 


Neidio il Economic ‘- ouncil over the flooded areas of Yangtse Rive: 
In the next year, the upper 


and Yellow River with satisfactory results. 
reaches of Yellow River from Shen-Chow to Tung-Kwan and fro: 
also surveyed with airplanes, produ 


Tung-Kwan to Pao-Tu were 


maps of 1/25000 scale. 


CHAPTER III. CONSERVANCY WORKS DONE DURING THE 
WAR AGAINST JAPANESE INVASION. 


Section I. Flood Prevention. 


1) Construction of a New Dyke Against the Flood Water of Yell. 
River in Honan Province. 
River at Chung-Mei hsien, Honan, was damaged by the enemy, and t 
river immediately rushed southward through the openings, placing 
water. 


Yellow 


vast area under 


Government, the River Commission at once built a new dyk 


on the west of and against the flooded area, running from the north t 
the south in a total length of more than 300 Kms., which was planne 


to be completed in the spring of 1939. 

(2) Dyke Repairing Works in Anhui Province. 
Yellow River through the damaged dykes 
the Huai and Yin Rivers, of which the dykes were repaired and strengt! 
ened accordingly by the Huai Area Famine Relief Commission. Thi 


work was finished in 1941. 


Section II. Navigation. 


In war time, the communication lines become more important th 


in peace time. The various conservancy organizations, since they we! 
shifted to the 
ing hard to improve navigation conditions on various rivers. 1! 


following may be mentioned. 


1) Gold Sand River. Being the upstream section of Yangtse River 
it connects with the Yunnan-Burma Highway at some point in Yunn 
regulated as a watercourse of international importanc 

ran in 1940 by the Gold-Sand River 1 
-alled the first section of regulation, fr 


and may be 
Its im provement work was beg 
gineering Bureau on what is ¢ 
[pin to Mon-Go. 

(2) Chia-Ling River. 


Running southward from Shensi, and 


necting 


way, especially in war time. 


Those of the Shensi section were finishe 
and the Szechuan section are still under way. 


River were started in 1939. 
in 1940, 

(3) Wu River 
and empties into the Yangtse, 


In June of 1938, the southern dyke of Yelloy 
With the cooperation of Honan Provincial 
Che flood water o! 


as mentioned in the pre- 
ceding paragr: iph, rushed forward into several rivers in Anhui, notably 


west of the country due to war ‘conditions, have been work- 


with the Yangtse River at Chungking, it is an tmportant water 
Improvement works on the Chia-Ling 


The Wu River runs from Kwei-Chow to Szechua! 
now serving as an important portion 0’ 
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the communication line between Hunan and Szechuan. In this water- 
way, Navigation is only possible below Shih-Nan, and the regulation of 
the section from Fow-Ling to Shihnan has been made by the Huai River 
Commission, with satisfactory results. 

1) Yuan River and Yu River. The former is one of the main water- 
ways in Hunan, and the latter empties into it. The improvement of 
these two rivers consisted chiefly in the blasting of obstructing rocks in 
the channels. 70 places in the Yuan and 18 places in the Yu were 
improved. 

5) Ming River. It is a main branch of Yangtse River. The 
Yangtse River Commission started to improve the Ming River in 1940 
by making regulation works on various rapids, which are still being 
carried on. 

6) Ki River. Ki River, a branch of Yangtse in Szechuan, has rich 
coal and iron deposits on its upper reaches. The Huai River Commis 
sion undertook the task of its improvement, in 1938, by means of 
canalization so as to make it navigable throughout the year. Three 
locks with dams were founded on its tributary, the Pu River by the end 
of 1939, as the first stage of canalization. The second stage, according 
to the proposed plans, would consist of 22 locks with dams on its main 
ourse, of which eight locks are already finished. 

7) Yen-Ching River. It is the chief transportation route for Sze 
chuan salt, obtained from wells, from Tse-Liu-Ching to Tu-Kiang, a 
length of 73 Kms. A canalization plan was decided upon by the North 
China Rivers Commission, and the construction work has been started. 


8) Hung River. This river is a branch of Gold-Sand River in 
Yunnan, and began to be improved in 1939, with obstructing rocks 
blasted off at 22 rapids. The work was finished in 1940 with good 

sults. 


9) Shih-Shur River. It is one of the transportation routes for 
Szechuan salt to Kweichow, but its navigation is very difficult owing to 
the existence of innumerable rapids. The Huai River Commission 
began to make improvements in 1941, and works have been going on 
satisfactorily. 

10) Ma-Bien River. Ma-Bien River, a branch of the Ming River, 
is full of impassable rocks and rapids. Improvement works were started 
by the Yangtse River Commission in 1941, and have been going on 
smoothly. 

11) Ching-Shui River. It is an important waterway between Hu- 
fan and Kweichow, and was improved in 1939 by the Yellow River 
Commission by doing away with some of its remarkable rapids. The 
Work was finished in 1940. 

(12) Kwet River. Kwei River in Kwangsi, which connects with the 
Shiang River through the Lin-Canal, serves as the only transportation 
foute between the two vast drainage basins of the Yangtse and the Pearl 
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River. For its improvement, the Yangtse River Commission did blasi 


ing work at 42 places, and dredging work at 20 places, and constru 
weirs at 7 places in the years 1939 and 1940. 

13) Zu-Liu River. It isa branch of West River in Kwangsi wit! 
length of 905 Kms. Rapids and rocks made the navigation extrem 
dificult. Improvement work in the section between Liu-Chow 
(hang An was performed early in 1938. 

Section III. Irrigation. 
Since the war, irrigation works have been greatly emphasiz 
the western provinces of the country for the obvious purpose o!/ 
creasing agricultural products to meet the demands of the war situatio: 


and most of them have been subsidized by the Farmers’ Bank. 


1) Irrigation Systems in Shenst. The Lo-Wei irrigation syste 


drawing water from the Lo River, covering an effective area of 70,00 


acres, Was commenced in 1934. Works for the whole system wer 
completed except one tunnel on the canal which was delayed due t 
quicksand and underground water. The Mwi-Wei system, as mer 


tioned before, was completed in 1940. Hei-Wei system is still under 


construction. The Han-Wei system, taking water from the Han River 


covering an area of 16,000 acres, Was commenced in 1938 and is alread\ 


completed. The Pao-Wei irrigation system, drawing water from P 
River for an effective area of 19,000 acres was started in 1939 and 
also completed. Also the Yu-Wei, Ting-Wei, Hsu-Wei, Nien-Wei an 
Foong-Wei irrigation systems are all being carried out according | 
their respective plans. 

2) Irrigation Systems in Kansu. The Tiao-Wei irrigation syste! 
receiving water from Tiao River, covers an area of 5,000 acres, con 
menced in 1935 and was completed in 1940. The Wang-Wei irrigati 
system, receiving water from the Wang River, irrigating an area of abo 
5,000 acres around Lanchow, and Yung-Tan was commenced in 19 


and now is completed. The Pu-Wei irrigation system, taking wate: 


from the Tiao River, can cover an effective area of 5,000 acres, and is | 
be completed in 1941. The Shin-Lan Canal takes water from Ye! 
River and is to irrigate the suburbs of Lanchow with an area of 67,0 
acres. It is now under construction. 

3) Irrigation Systems in Honan. The Chung-Woo irrigation « 
at Lu-Shan shien draws water from Sha River for an area of 1,100 act 
and the Ming-Lo canal takes water from the Kien-Lao River for an 
of 640 acres. Both having been commenced in 1940, are still under co! 
struction. Other canals, such as the Yung-Chi and the Wei-Chi can 
at Ni-Yang, the Wei-Sung canal at Sung shien and the Cheng-Ping a! 
the Nien-Ling canals are all about to be executed. 

4) Irrigation Systems in Szechuan. In the vast province of > 
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chuan, there have been built, within the recent three years, many new 
irrigation canals, notably the Cheng-Ze-Canal of San-Tan, the Loong- 
Shi canal and the Tien-Shing canal of Mie-Yang, the Li-Chuan canal 
of Mei-Shan, the Hung-Hwa canal of Chin-Cheng, and the Fo-Chi canal 
of Chang-Ming. Also the Hwa-Chi canal of Hung-Ya, the North and 
South canals of Sui- Ning, the Shung-Kon canal of Omei, and the Pei-Wu 
canal of King-Tang are of irrigational importance, and are mostly near 
completion. 

(5) Irrigation Systems in Sikang. The Ching-I canal and the Lu- 
Kiang canal are the only two completed systems, near Ya-An, covering 
| total area of about 2,000 acres. Others are to be planned. 

6) Irrigation Systems in Kweichow. ‘The whole province of Kwei- 
chow being so hilly, it is hard to find any area sufficiently big to warrant 
irrigation works. The canal of Shiao-Loong district at Ting-Feng is 
probably the only completed irrigation canal ever built. Another: 
district near Tu-Yun is progressing with irrigation works. 

7) Irrigation Systems in Yun-Nan. The Wen-Kon canal of Ni- 
Liang and the Cha-Yuan canal of Mei-Lur are already completed. 
\lso seven other canals for irrigation are under construction. 

8) Irrigation Systems in Kwangst. The Ho-Kiang canal of Li-Pu 
and Lo-Shu canal of Ni-Shan, covering a total area of more than 6,000 
acres were both completed; while six other canals are under construc- 


tion, and another 23 places are to be surveyed and planned. It has 
been hoped to increase the agricultural area by 230,000 acres through the 
process of irrigation within six years. 


Section IV. Hydraulic Researches. 


1) On account of the war, the Central Hydraulic Laboratory, as 
mentioned before, removed to Chungking in Dec. 1937, to continue on 
its original activities. It established two laboratories, the Pan-Chi 
Hydraulic Laboratory and the Shih-Men Hydraulic Laboratory on both 
sides of Chia-Ling River in the following year. Two other laboratories 
were also established in 1940 at Kuming in Yun-Nan, and Wu-Kon in 
Shensi, and still another laboratory was installed at Kwan shien in 
Szechuan in 1941 to deal with different or local problems. So far many 
model tests on various kinds of proposed hydraulic structures have been 
made by these laboratories, together with several silt and erosion tests. 

(2) Soil Tests. The Central Hydraulic Laboratory installed at Pan- 
Chi a soil testing laboratory in 1940. Its works included boring tests, 
tests on physical characteristics of soil, and model tests with loess prob- 
lems as its chief function. It has successfully performed many tests on 
the mechanical analysis of soil. 

(4) Hydrological Survey. Since the war, the Central Hydraulic 
Laboratory has started to establish many new hydrological stations in 


ee 
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the western provinces of the country to meet the demands for watery 
regulations and irrigation promotions. 

(5) Manufacture of Hydrographic Appliances. The Central H 
daulic Laboratory established in 1940 a factory at Chungking to rep 
and manufacture different kinds of hydrographic appliances, such 
current meters, plane tables, etc., with satisfactory results. 


CHAPTER IV. POST-WAR CONSERVANCY REHABILITATION PLAN. 


Section I. General Principle and Suggested Plan. 


(1) Aim. ‘The chief aim of the post-war rehabilitation plan will | 


to do away with flood disasters, to enhance navigation, to inerease ag 
cultural products and to develop industrialization. With this ob} 
in view, the hydraulic undertakings, as set forth by the Commissi 
for the Study of the Industry Plan of Dr. Sun Yat-Sen, consists 
four classes, that is, flood prevention, navigation, irrigation, and wat 
power, which are to be separately outlined and shall be carried out 
different periods. It is of course a big task, and the available data 
hand are not yet sufficient for detailed plans. Generally speaking, | 
work for flood prevention will be to close the openings and repair t 


damaged portions of the river dykes; the work for navigation, to regulat: 
or canalize the channels for the most important watercourses; the wor! 


for irrigation, to irrigate or reclaim large needed areas by drawing wat 
from natural waterways; and the work for water power to develop hyd 
electric power by utilizing the water head at natural waterfalls 
river dams. 


(2) Scope and Capacity. Based upon the principle, mention 
above, China’s post-war conservancy works will be of the followin 


scope and magnitude. 


a. Flood Control. For the systematic regulation of the princi 
waterways, such as the Yangtse River, Yellow River, Huai River et 


to prevent the occurrence of floods, dykes and reservoirs must be proj 


erly constructed, to be supplemented with dredging works. It is n 
estimated that it will be necessary to build twenty reservoirs, 
construct 18,660 Kms. of dykes. 

b. Navigation. It is expected to complete the national navigati 
system within the coming twenty years for the promotion of tran 
portation and culture. I[t comprises the following: 


1. To improve natural waterways and existing canals, navigable ! 
steamers of 1 to 2 meters drafts, for 30,000 Kms. 10,000 Kms. na\ 


gable for those of 2 to 5 meters drafts, and 2,500 Kms. navigable tor 


those of 5 to 8 meters draft. 
2. To improve waterways and canal for 500,000 Kms. navigable 


wooden boats. 


3. To excavate new canals for 5,000 Kms. navigable by steamers 


nclud 


nerf Tr 


1046.] Prospects oF CONSERVANCY WorKs IN CHINA 417 


To develop 1,200 inner river harbors, of which 50 shall be of first 
class, 150 of second class, and 1,000 of third class. 


Irrigation. Beside the existing irrigated area of about 3,000,000 
cres, a further area of about 35,000,000 acres shall be developed with 
gation works. 
Water Power. All the available water power in the mountainous 
provinces in west China shall be carefully developed to meet the in 
strial demands. The total amount of hydro-electric power, that has 
been or is being developed, amounts only to 15,000 kilowatts, and it 
expected to further develop 10,000,000 kilowatts. 


3) Division Oo} f Districts and Periods (each O] 5 vears 


Conservancy improvements should be consistent with those on other 
nes, and adaptable to the natural environment for the joint promoti 
of people’s livelihood and national defense. Their execution shall b: 


1 
14 


vided into districts, and carried out in periods (each of 5 years 
what as follows: 
a. Flood Prevention. 

Yellow River District. Flood prevention works in this district, 
ncluding Yellow River, Shin River, | River and Lo River, shall b 
performed in the first and second periods, and shall consist of dyk 

struction, bank protection, reservoirs, and channel dredgings 

Huai River District. The works in this district, including Huai 
River, Yi River, Ssu River, and the Grand Canal, shall be carried out 
in the first and second periods and shall consist of dyke construction, 
luices, reservoirs, and channel excavations. 

3. North District. The works in this district, 
rivers in Hopei, the Lur River and the Chi-Yung River, s 
iormed in the first and second periods, and shall consist of ihe sa 
f works as in the preceding district. 
1. Yangtse River District. The works in this district, including 
ngtse River with its tributaries, and Tung-Ting, Poyang, and Tat 
kes, shall be performed in the first and second periods, and shall 
onsist of dyke construction, bank protection, sluices, reservoirs, dredg 
;, and lake preservance. 
5. Pearl River District. The works in this district, including Pear! 
er with its delta and East, West, and North rivers, shall be per 
ed in the first and second periods, and shall consist of the same kind 
vorks as in the Huai River District. 
South-East District. The works in this district, including Tsien- 
River, Ming River, Ou River and other rivers in Chekiang and 
ien provinces, shall be performed in the second and third periods 
shall consist of dyke construction, bank protection, reservoirs and 
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7. North-East District. The works in this district, including Amy 
River, Sungari River, Liao River, and other rivers in northern-easter 
provinces, shall be performed in the second and third periods, and sha! 


consist of the same kinds as in the preceeding district. N 

8. North-West District. The works in the district, including S ' 
Shui drainage basin, and other rivers, not included in the Yellow Riv: , |S 
drainage basin, shall be performed in the fourth period, and shall consis: 2 


of the same kinds as in the preceding district. 


S 
b. Navigation. The national navigation system is planned accor 7 | M 
ing to the natural drainage areas of the various rivers, and also divi S|? 
into eight districts, the same as those for flood prevention works. Jh: § r 
element of the different districts are shown in the following table: 
fe 
Lengt Waterways Regulated No. of Harbours 
nkn Developed 
. Period @ ' 
, i ' ; : 5 vears Ri roughl 
- A 2nd I rw, 
Se] ae | | ae em | Chase, | tase | Clase CaTTIEC 
— liffere 
, Yanetse 1,830 | 3,460 7.390 80,000) 24 60 300 | Ist and 2nd | | 
Rivet pe 
2 Huai River 1,400 2,220 | 80,000 4 15 150} Ist and 2nd | for 5 \ 
7 North 70 1,140 1.630 50,000 | 10 50 2nd and 3rd | ye 
Pearl River 170 | 1,270 2,660 30,000 } 20 150 2nd and 3rd 
Yellow 5.080 | 50,000 10 50; 2nd and 3rd 
River . 
South-East 110 280 1,930 30,000 7 15 150 3rd and 4th : , 
North-West goo 50,000 30 3rd and 4th Hi 
R North-East 320 650 2,370 30,000 7 20 120 ard and 4th +s 
: Ky 
| 2,500 8.300 24,200 400,000 50 150 1,000 ae 
Sol 
No 


c. Irrigation. According to the latest census, the total acreag« 
the cultivated land in the whole country amounts to about 230,000,00 
acres, of which 41,000,000 acres, or about 18 per cent., are still in lac! 
of proper irrigation, and will be improved or reformed with one of t! 
following processes: (1) by drawing water from natural waterways, (2 ) 
by pumping with electric or other motive power, (3) by drawing wat 
from reservoir, (4) by taking water from melted snow on high mountains 

5) by drilling wells, (6) by excavating ponds, and (7) by silting. Works “Pccla 


shall be carried out in eight districts, and four periods, each for 5 years b. 1 
as in the table shown at top of page 419. c. 
d. Water Power. Water power is most abundant in the western 
provinces, such as Szechuan, Sikang, Kweichow and Yunnan, due t ad 
their mountainous topography. Or in other words, the Yangtse Rive Con 
and the Yellow River possess the highest capacity so far as water powe! — waterw 


is concerned. According to statistical reports, the total water powe! §& River. ¢ 
that has been or is being developed amounts to only 15,000 kilowatts 
so we have still vast possibilities for water power development, which i § Phi 


; 
Paste! 
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watts 
Lich is 


roughly estimated to be 10,000,000 kilowatts,* and will be gradually 
carried out in consistence with the industrial needs, and divided in 
lifferent districts and periods as per the following table: 


W 


1940. | 


Name ot 
District 


North-West 


Nor th 
South-West 


Cultivated Area 
to be irrigated 


PROSPECTS OF 


in acres 


5,700,000 
2,400,000 


9,200,000 Ist 


CONSERVANCY 


ind 2nd 


Ist and 2nd 
Ist and 2nd 
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Kansu, Ningsha, Sinkiang, Chinghai, Su 
yuan, Shansi 
Shansi, Charhar, Hopei, Shangtung, Hi 


Szechuan, Sikang, Kweichow, Yunnan 


North-East 2,000,000 |; 2nd Liaoning, Kirin, Heilongkiang, Jehol 
Central 21,300,000 | 2nd, 3rd* and) Hunan, Hupei, Kiangsi, Anhui, Kiangs 
4th Chekiang 

South 400,000 ard and 4th Fukien, Kwangtung, Kwangsi 
Mongolia Data not sufficient 

ribet Data not sufficient 

Potal 41,000,000 

Irrigation Works in this district should be coupled with river improvement w 


ire not started in the first period. 


Name of District 


Szechuan Sikang 
Yunnan-Kweichow 


Hupei-Hunan 


Kwang-tung 
Kwangsi 
North-West 
South-East 
North-East 


Total 


1) General Survey and Reconnaissance on All Rivers in the Country. 


Water power to 


be developed 
in kilowatt 

2,300,000 

2,300,000 

I ,900,000 

800,000 


Qoo ,0OO 
1,000,000 


800,000 


10,000,000 


Section II. 


2nd and 3rd 


ny 
na 


Szechuan, Sikang 
Yunnan, Kweichow 
Hupei, Hunan 
Kwangtung, Kwangsi 


Ist and 2nd 
Ist and 2nd 
land 3rd 
Kansu, Ningsha, Shansi, Sher 
Kiangsi, Chekiang, Fukien 

Liaoning, Kirin, Heilungkiang 


trd and 


3rd and 4th 


it] 
3rd and 4th 
} 

} 


Preparatory Steps 


a. To organize survey and reconnaissance parties to work on rivers, 
specially those for which necessary data are lacking. 

b. To establish more hydrological stations. 

c. To promote hydraulic laboratory and research activities. 


2) Concrete Projects for All River Systems. 


Concrete working projects shall be formulated on all important 
aterways in the country, except the Huai River and the Yung-Ting 
River, of which complete plans have been made and published. 


rhis article was written before the Yangtse Gorge Project was proposed. 


Wn EC ra 


120 3AZIN SHEN. 


3) Standardization of Designs. 


All elements in designs shall be standardized by an authorized bx 
composed of qualified experts, to avoid future irregularities. 


4) Preparation and Training of Personnel. 


a. Preparation of technical men of middle and high classes. | 
conservancy engineering course will be specially added to universit 


and colleges. According to ‘‘the fortune of China,’ written by Pre: STA’ 
dent Chiang Kai-Shek, within the first ten years of post-war rec 


struction, there will be needed 14,000 engineers, hydraulic, civil ; 
mechanical, and 60,000 draftsmen and foremen. Those with super 
bilities will be sent abroad for further studies. 

b. Establishment of short-term training schools. ‘Training sch 
of short terms will be extensively established in provinces and hsie1 
to train up general personnel for the maintenance of river works 


irrigation systems more or less of an administrative character. 


(5) Utilization of Soldiers’ Service and Commandeered Labor. 
is of paramount importance, especially in the period immediately aft 
demobilization. Detailed plans will be worked out to utilize soldie: 
services and people’s labor for the execution of river work, which \ 


consist chiefly of earth works. 


1 


Special Allotment. The expenditures for these various r1 
works will be defrayed from the Central Government’s treasury 
nationwide projects, and by local governments or paid by people direct 
benefited for local projects. Special illotments must be ready bet 
the start of the work. 

b. Foreign Capital or Loans. lor the post-war reconstruct 
plans of river works, foreign loans or debentures are expected and w 
comed. The repayment of principal and interest will be made by 


enterpris¢ s concerned, or the people benefited. If the revenue t! 
collected proves not sufficient for the repayment, the land tax 
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NOTES FROM THE BIOCHEMICAL RESEARCH FOUNDATION, 


Ribonucleinase and Non-Specific Phosphodiesterase in Rat and 
Rabbit Blood and Tissues.—CHARLEs A. ZITTLE AND ELIZABETIi H 
READING. A manometric method for estimating crystalline ribon 
cleinase was devised by Bain and Rusch (1), and applied to biologi 
material. This method was subsequently used by others (2) who i: 
later studies (3, 4) showed that a purified non-specific phosphodiesteras 
from calf intestinal mucosa could be estimated by the same procedu 
This finding raised the question as to which enzyme was being measur 
in biological material. The two enzymes were distinguished (3) by 
large amount of substrate required for the full activity of the former 
the small amount required for the latter. This property has been us 
to differentiate these enzymes in the blood and tissues of rat and rabbit 


EXPERIMENTAL. 


lhe preparation of the crystalline ribonucleinase (2) and the puri! 
phosphodiesterase (4) has been described as well as details of the man 
metric procedures (2, 4). The reaction of these enzymes with seve: 
concentrations of ribonucleic acid is shown in Fig. 1. There is a slig 
activity of the ribonucleinase even with a small amount of nucleic a 
which has been kept in mind in considering the data obtained with |! 
ological material. The reactivities of the enzymes with a small and 


large amount of nucleic acid have been expressed on a percentage basis 


in Table I; for the non-specific phosphodiesterase it is 100 per cent. 

ribonucleinase it is about 10 per cent. Conclusions as to the amoun 
of these enzymes in blood and tissues are based on comparisons wit 
these percentages.* Since this percentage tends to increase with d 


crease in the amount of the ribonucleinase, in the assays amounts 0! 


+ 


tissue were chosen which gave reactivities approximating that of 
pure ribonucleinase used, 1.e., 50 c.mm. per 10 minutes. 

lhe blood and tissues were obtained and prepared for analysis 
described (2). Experiments were performed with several concent 
tions of the blood or tissue and 150 or 6 mg. of nucleic acid. 


been assumed that the ribonucleinase and phosphodiesterase are the only et 
neasured by the manometric procedure with nucleic acid, however the deaminases fot 
icids reported by Greenstein and Chalkley (5) would interfere by forming NH; which 
ibsorb CO:. Since the enzymes reported were active with small amounts of nucleic acid 
with 160 mg. tissue), any correction would probably apply to the results with both 150 
mg. of nucleic acid. A recent paper (11), however, makes it appear improbable th 
leaminases act on the intact nucleic acids. 
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DISCUSSION 


in the original application of the ribonucleinase method Bain and 
Rusch (1) referred to the possible involvement of phosphatase as fol- 
lows: ‘““Bolomey and Allen have reported that the action of a non 
specific phosphatase preparation upon nucleic acid is increased 50 to 
150 per cent. following preliminary treatment of the acid with ribo 


i \ction of ribonucleinase and non-specific phosphodiesteras« 


tions of ribonucleic acid in terms of COs evolved from NaHCO, buffer. 

ucleinase, 127, with 150 mg. ribonucleic acid; Curve B, with 5 mg. ribonucleic acid 

rve C, with 3 mg. ribonucleic acid. Curve D, Phosphodiesterase, 2.0 mg., with 

nucleic acid; Curve E, with 5 mg. ribonucleic acid; Curve F, with 3 mg. ribonucleic acid 
flask contained 1.0 ce. of 0.1 M NaHCOs, nucleic acid, and the enzyme it 


r was added to make the final total volume 3.5 cc. 


I50 meg. 


the side arm 


cleinase. Fluoride and cyanide have been reported to inhibit acid 
ind alkaline phosphatase respectively and their inhibitory action on the 
hosphatase activity of various homogenates at pH 7.4 was confirmed 
this laboratory. . . . These data show that M/150 NaF and NaCN 
not inhibit crystalline ribonucleinase activity and that there is no 
significant difference between the activity of the inhibitor treated and 


ete) 
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PABLE I. 
Reactions of Rat and Rabbit Blood and Tissues Compared with Those of Ribonucleinase « 
Phos phodiesterase with Several Concentrations of Nucleic Acid. 


Comparative reat 


enzyme wit! 


u! te Ribonuclei Reactivity * s or 6 mg.:150 
nucleic acid 
me mm, COe/10 mip 
Ribonucleinase, crystalline 150 50 7 
Ribonucleinase, crystalline 5 47 8 
Phosphodiesterase, purified 150 15 f 
Phosphodiesterase, purified 5 and 3 457 100 
Spleen, rat 150 14 
Spleen, ra 6 } 1] 
Spleen, rat plus 1.25 meg. 
phosphodiesterase 150 37 
Spleen, rat plus 1.25 mg 
phosphodiesterase 6 38 44 
Small intestine (mucosa), rat 1 5< 26 
Small intestine (mucosa), rat 6 14 54 
Pancreas, rat 150 163 
Pancreas, rat 6 14 9g 
Kidne rat 150 11 
Kidney, rat 6 11.5 105 
Blood, rat 150 4.1 
Blood, 1 t ( 0.5 7? 
Bone marrow, rabbit 150 23 
Bone marrow, rabbit 6 5 22 
Spleen, rabbit 150 17 
Spleen, rabbit ( QY 1g 
Blood, rabbit 150 8.2 
Blood, rabbit 6 [2 16 
he ictivities are: for the amounts of the purified enzymes used for Fig. 1; for | 
per c ior tissu¢ wet we ight per 100 mg The reac tiv ities are based on the release ( 
t the expiration of 10 minutes because of the initial dilution effects 
Re from Fig. 1 


homogenates, indicating that non-specific phosphatases 


~ 


natural 
not an important source of error in the assay.” 
It is not clear how Bain and Rusch pictured that phosphatase mi 
is applied to the enzy 
Such esters involve 


interfere; usually the term ‘“‘phosphatase’’ 
hydrolyzing monoesters of phosphoric acid. 
tertiary phosphoric acid group and hydrolysis of them would not rel 


C(O» in the above assay method since the tertiary phosphoric acid gro 


is a weak acid. Phosphatase preparations, however, are capable 
hydrolyzing ribonucleic acid (3, 6, 7) and secondary phosphoric 
groups, the group measured by the above method, must appear at so 
stage of the hydrolysis when diesters of phosphoric acid are split. | 
has been found to be the case and the above method serves to ass 
phosphatase preparations for their phosphodiesterase content 


These preparations do not contain ribonucleinase, as shown by th 


effect of temperature (6) and degree of association of the enzyme w 
the substrate (3). 


participates in the ribonucleinase assay has been unknown since w¢ 
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have found that M/150 NaCN (final concentration), used by Bain and 
Rusch, is not inhibitory to the phosphodiesterase activity of our 
enzyme preparation. The present studies show that both enzymes are 
present in blood and tissues and that the relative content of ribonucle- 
ah inase and phosphodiesterase varies. 

id The data in Table I show that in rat spleen and pancreas the pre- 
dominant enzyme measured by this procedure is ribonucleinase. Addi- 
tion of phosphodiesterase to the rat spleen showed that there was noth- 
ing in the tissue which interfered with this enzyme. Rabbit bone 
marrow and spleen apparently contain some phosphodiesterase in 
addition to the ribonucleinase. Rat intestinal mucosa contains equiva- 
lent amounts of both enzymes, in terms of activity. Phosphodiesterase 
is predominant in the rat kidney. In both rat and rabbit blood the 
predominant enzyme measured is ribonucleinase. 

Estimations of the non-specific phosphodiesterase in animal tissues 
have not hitherto been available. Assuming tentatively (3) that the 
phosphodi- and phosphomonoesterase activities are inherent in one 
enzyme, a comparison of the present data with the phosphomonoester- 
ase (alkaline phosphatase) activity of several tissues would be of 
interest. Kidney and intestinal mucosa are much richer in phospho- 
monoesterase than any other tissue (8); intestinal mucosa has usually 
been the tissue of choice in preparing this enzyme and it has been used 
in the present studies for preparing the diesterase. The data in Table 
| show that these tissues are especially rich in diesterase. Recently (9) 
the alkaline phosphatase in rat pancreas has been shown to be negligi- 
ide ble. Little or no diesterase is found in this tissue (Table I). 

The amounts of phosphodiesterase that are represented by the assay 
values must remain unknown until the pure enzyme is available. 
Several milligrams of the present purified material are required for a 
satisfactory assay. The low reactivity of this enzyme is not unex- 


light pected, if, as suggested (3), the ability to hydrolyze diesters is a con- 
rym comitant property of the phosphomonoesterase. Phosphatase _pre- 
the parations are approximately one hundred times more reactive with 
least monoesters than diesters of phosphoric acid (3, 6). This difference is 
rou probably correlated with the difference in acid strength of the two types 
le ol of ester (10). 
acl Summary. Ribonucleinase and non-specific phosphodiesterase have 
om been measured manometrically by the use of several concentrations 
is 150 and 6 mg./3.5 cc.) of ribonucleic acid as the substrate at pH 7.5 
ssa the former enzyme was found to be most active with the higher con- 
3 centration of nucleic acid whereas the latter was active with both con- 
the centrations of nucleic acid. Variable amounts of both enzymes were 


found in rat and rabbit blood and tissues; pancreas was outstanding in 
containing large amounts of ribonucleinase and little or no phosphodi- 
esterase, kidney on the other hand contained only phosphodiesterase. 


124 ere oenennnew 


428 


BIOCHEMICAL RESEARCH FOUNDATION NOTEs. IJ. 


REFERENCES. 
Bain, J. A., AND Ruscu, H. P., J. Biol. Chem., 153, 659 (1944). 


) ZiTtLe, C, A., AND READING, E. H., J. Biol. Chem., 160, 519 (1945). 


ZiTTLE, C. A., J. Franklin Inst., 241, 379 (1946). 


) Z1ITTLE, C. A., J. Biol. Chem., in press. 


GREENSTEIN, J. P., AND CHALKLEY, H. W., J. Natl. Cancer Inst., 6, 61 (1945). 


) ScuMipT, G., AND THANNHAUSER, S. J., J. Biol. Chem. 149, 369 (1943). 


COHEN, 5. S., AND STANLEY, W. M., J. Biol. Chem., 142, 863 (1942). 
GREENSTEIN, J. P., J. Natl. Cancer Inst., 2, 511 (1941-42). 
JA oByY, F., Nature, 158, 268 (1946). 


KING, E. J., AND DeLory, G. E., Biochem. J., 33, 1185 (1939). 
Greenstein, J. P., Carter, C. E., and Chalkley, H. W., Arch. Biochem. 11, 307 (1946 


946 


BOOK REVIEW. 


PROCEEDINGS OF THE MEXICAN-AMERICAN CONFERENCE ON INDUSTRIAL RESEARCH, September 
30-October 6, 1945. 176 pages, tables, 15X23 cms. Chicago, Armour Research Founda- 
tion, 1946. Price $2.50. Paper. 

From September 30 to October 6, 1945 there was held in Chicago the Mexican-American 

Conference on Industrial Research under the auspices of the Armour Research Foundation of 

nois Institute of Technology. The Foundation had undertaken some research investiga- 


tions for the Banco de Mexico, and during the course of the investigations, the need became 
parent for holding international discussions on scientific education, fundamental research, 
| industrial research with leaders of industry and finance of Mexico and the United States. 
[he conference was held in Chicago and included not only talks but visits to laboratories so 
hat the Mexican visitors were actually able to see research in action. 

Various types of research were presented: “fundamental research in college and unifersity 
laboratories, industrial research conducted by technical foundations devoted to the interests 

sublic service, research supported by industrial associations, and research maintained in the 
private laboratories of industry.” 

The Mexican delegation included government engineers and representatives of banking, 
industry and commerce, and the roster of speakers included many names prominent in pure and 
ipplied science. The present volume contains the record of these speeches with some of the 

ompanying discussion. 

\ paper by Harold Vagtborg outlined The Industrial Research Pattern of the United States, 
ind was followed by others dealing with The Integration of Industrial Research and Education 
by Linton E. Grinter and Fundamental Research in College and University Laboratories by 
Valter Bartky. In view of the recent establishment of The Franklin Institute Laboratories 

Research and Development, the two most interesting articles to this reviewer were those 
lescribing the activities of two of the similar non-profit institutions engaged in industrial 
research. A discussion of the Mellon Institute formed the principal point of departure of the 
paper by its director, Dr. E. R. Weidlein, The Organization, Management, and Effectiveness of 
Institutional Research, The director cf the sponsoring organization, Dr. Jesse E. Hobson, 
discussed The Armour Plan for Industrial Research, and pointed out ways in which its approach 

he problem differed from that of the Mellon Institute. Industry was represented by Dr. 
\. Hawkins of the General Electric Company and Dr. Gustav Egloff of the Universal Oil 
Products Company who reviewed some of the research activities of their companies, 

[t is not possible here to list all the papers, but there were six devoted to various phases 
igricultural research, three to standards and their importance, and several of the concluding 
pers outlined the possibilities of industrial development on the international front. At the 
conclusion of the conference, the Mexican guests recorded their reactions to what they had seen 

| heard. 

The entire volume is a stimulating group of papers on the importance and methods of 

lustrial research. The Armour Research Foundation is to be congratulated upon its vision 

sponsoring such a conference, important in itself but also with very definite overtones of 


rnational good will. 
GEORGE E, PETTENGILL. 


SCIENCE AND ART OF PERFUMERY, by Edward Sagarin. 268 pages, illustrations, 1420 
cms. New York, McGraw-Hill Book Co., Inc., 1945. Price $3.00, 

Che term ‘essential oil” is derived from the literal meaning of the word “‘essential’’; that 
ertaining to essences. There is an aura of romantic mystery about essential oils, one that 
surely added to the enchanting delight of perfumery. Strange sounding names of plants, 
nslatable into our language, are complemented by the place of inaccessible and unheard- 
429 
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of spots on earth, associated in the public mind with commerce in essential oils. Other n 
come directly from delicious-smelling flours, bringing to mind the fresh garden aroma of jas: 
and hyacinth, narcissus and violet leaf. 

It is true that there is not a spot on earth without at least a minor industry in ess 
oil production. But, by and large, a few communities have become world centers in the t1 
in these products. The growing of plants and the production of the oil become the big in 
tries of importance to the people. 

Today perfumes are found in ointments, creams, cosmetics of all types, flavors, ins 
cides, tooth pastes and in literally thousands of other types of products. Perfumery i 
science and art of odor. It is concerned with the creation of new odors, the duplicatio 
others, whether they be from nature or from the laboratory. It changes the odors of mater 
usually to make them smell more pleasing, sometimes to abolish the smell entirely, and si 


times to make it quite obnoxious. 


rhe story as told in this book includes historic, scientific, commerical and popular d 
of the industry \nyone can read it as a source of general knowledge, but it is intended « 
cially for those in the odor business, the perfumer, the chemist, the salesman, the purcha 
agent, the executive, etc. Included in it is a discussion of various phases of accumulated lit: 
ture on the subject. The subject index in the back adds to the value of the work as a refer 


UNDERSTANDING Microwaves, by Victor J. Young. 385 pages, illustrations, 15X 

New York, John F. Rider Publisher, Inc., 1946. Price $6.00. 

\s science progresses, it becomes increasingly difficult to translate techniques for us¢ 
those not well equipped. Yet, there is an increasing need for this. Fields of activity ope: 
many such workers, which involve much besides that which is directly concerned with the 
sign of apparatus. No better illustration of this exists than in the field of microwaves, 
there is no doubt that radio technique of tomorrow, as well as considerable present inte: 
is with waves measured in centimeters and millimeters. The bock at hand is made for t] 


with a small knowledge of the conventional uses of electricity plus a willingness to think 


terms of physical ideas and experiments. 

rhe first section of the book starts with very elementary concepts of the nature of « 
tricity and frequency. ‘The stationary charge, magnetostatics, and alternating current 
described leading to the subject of transmission lines. The rule of avoiding mathemat 
broken by the one section which dwells on Maxwell’s equations. There follows a good des« 
tion of wave guides, and the subject of resonant cavities by first discussing the action 
resonant circuit in a Hartley oscillator. In treating on antennas it is pointed out that 


problem of constructing the most efficient reflecting surface behind a dipole radiator, so 


cause a large fraction of the energy to travel forward in a narrow beam, ts similar to the 


which is encountered in building a searchlight reflector or a reflecting telescope. The 
chapters of Section I of the book dwell on microwave oscillators, and radar and communica 

\ rather unique part of such a work is Section II on terminology. There is listed 
alphabetically, microwave terms with full explanations of them, ideas and theorems prim 
intended to give discussions and introductions to concepts rather than rigorous definit 


Some sentences shown in italics give summaries of each paragraph. 

\ great deal of effort has been put forth in this book. The descriptions and explanat 
coupled with helpful drawings with references to formulae without actually using mathem 
make this book valuable in considering radio waves shorter than 10 centimeters. Engin 
as well as service and operation workers should gain much from its use. 

R. H. OPPERMANN., 


PUBLICATIONS RECEIVED. 


Vucleonics. 38 pages, drawings, 21 X 28cms. Washington, D. C., Progress Press, 1 


Price $1.00 (paper). 
Radio’s Conquest of Space, by Donald McNicol. 374 pages, illustrations, 14 x 22 
New York, Murray Hill Books, Inc., 1946. Price $4.00. 
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CURRENT TOPICS. 


Steel Wire Manufacture.—A triumph in the art of manufacturing quality 
steel wire has been achieved by the American Steel and Wire Co., U. S. Steel 
subsidiary, in producing great amounts of valve spring wire so vital to the 
ficient operation of America’s postwar automobiles. 

Prior to the outbreak of World War II, virtually all of the steel rods for 
reduction into wire for automotive valve springs were imported from Sweden. 
in that country, extremely high grade ores were readily available. Swedish 
iron plants, for the most part, were small units utilizing charcoal rather than 
coke for fuel, resulting in a cleaner iron and a cleaner steel. Rolling mills were 
small, hand-operated units which, while producing comparatively small ton- 
nages, permitted extreme care to be exercised in producing steel rods with 
virtually no seams or scratches. Extremely high surface qualities are of great 
importance when attempting to avoid failure of the material used in springs 
which are compressed and released 4,000 times each minute. 

With the advent of the war, in 1939, shipments from Sweden were cut off 
and metallurgists of the American steel industry, including American Steel and 
Wire, were faced with the problem of replacing that source of high-grade steel 
rods. The result was that a product superior even to the Swedish material 
was developed for use in the last of the pre-war automobiles. It played an 
important war-time réle in keeping in operation the jeeps, peeps, half-tracks, 
tanks, and other mobile equipment so vital to the winning of the war. 

Extreme care is exercised in choosing raw materials for this premium steel 
product. Only carefully graded pig iron and steel scrap are used, and improved 
steel-making practices have been developed. Special heat treating methods, 
together with close rolling and drawing controls, also contribute toward pro- 
ucing a high-quality steel wire free from surface imperfections and possessing 
other physical properties rendering it more than adequate to make American 
automobile manufacturers independent of the foreign source of supply. 


New Method of Cleaning Aluminum Before Welding with Inert-Arc 
Method.—In searching for a satisfactory method of cleaning aluminum in 
preparation for welding with the inert-arc process, General Electric engineers 
recently found that dips in sodium hydroxide and sulfuric acid produce mirror- 
bright, fine-contoured welds as welded. 

Che first method tried at G. E. was wire-brushing, but this only folded the 
oxide and dirt into the surface of the aluminum. Next, sandpaper was tried. 
This was successful if all kerosene or lard oil which had been used as a lubricant 
in machining the aluminum had been completely removed before the sandpaper 

ipplied. It was satisfactory for bulky work, but too slow and crude for 


cleaning small parts rapidly. 
The logical answer seemed to be a chemical dip followed by washing, and 
acid, which has been used extensively for aluminum brightening, was 


431 


432 CuRRENT TOPICS. [J. F 


tried. However, when a sample was welded after being cleaned by this method 
the weld bead was sprinkled with a black substance which accumulated in sn 
surface pits. The discoloration was easily brushed off, but the pits remai 
to mar the surface of the bead. 

When it was determined that the specks were not caused by too great a 
percentage of nitrogen in the argon welding gas or from faulty power sup; 
it was deduced that the cleaning method was responsible. Since the spe«ks 
were rich in nitrides, the nitric acid was blamed, and sulfuvic acid was tried 
in its place. 

After a brief degreasing in a five per cent. solution of sodium hydroxid 
remove all grease, oil, or wax, and a brief wash in water to remove most of thi 
caustic and scum, the aluminum was dipped in a fifty per cent. sulfuric 
bath. This completed removal of the oxide skin and restored most of 
surface brightness, and a hot water bath removed the acid and left the 
minum clean and dry. Welding tests made on samples cleaned by this 
method resulted in mirror-bright, fine-contoured beads as welded. 


Ground-Fault Neutralizer for Fort Peck, Montana, Has Novel Design 
Features to Combat Sixty Degrees Below Zero F.—Extremely low ambient 
temperatures at the installation site required that unusual design features be 
incorporated into the new 115,000-volt ground-fault neutralizer constructed 
by the General Electric Company for the War Department at Fort Peck, 
Montana. To combat the danger of cooling oil in the neutralizer from con- 
gealing at below-zero temperatures, G. E. engineers installed two therm 
statically controlled 2.5-kw. Calrod * heating units in the bottom of the tan! 
the first time equipment of this type has ever utilized special heating devices 
The Calrod units, supplied by a 230-volt, 60-cycle power supply, are au 
matically turned on when the oil temperature reaches — 31 degrees Fahrenheit 
The unit is designed to operate at temperatures as low as —60 degri 
Fahrenheit. 

This neutralizer, one of the largest units ever constructed by Gen 
Electric, is rated at 60 cycles, 115,000 volts, 180 to 90 amperes extended ti! 
The “extended time” feature means that the unit is rated for continuous op: 
tion not to exceed go days per year. G. E. engineers further explained | 
this was the largest continuous-rating neutralizer ever constructed by G. E 
although larger units with shorter rating time have been built. The neutralize! 
was given tests in the Company’s High-Voltage Engineering Laboratory) 
Pittsfield, Mass. These tests consisted of short duration, high-voltage impulses 
applied to the coil winding. 

Another novel feature incorporated by G. E. engineers prevents the Calrod 
units from heating the cold oil in the neutralizer’s radiator tubes. The tank 
is designed so that when the oil temperature reaches — 31 degrees Fahrenheit, 
the oil has contracted in volume and its level is below the top of the radiator 
tubes, thus preventing circulation. Only oil in the tank is heated and a saving 


in power is realized. 


* Reg. U. S. Pat. Off. 
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Fort Peck is located on the Missouri River in northeastern Montana at the 
site of a dam across the Missouri River that was built by U. S. Army Engineers 
to assist in flood control and to improve navigation on the lower part of the 
river. Sometime after the dam was constructed a power plant with a 38,889- 
kva generator was added by the Army Engineers and was tied in with the 
Montana Power Company by a 161-kv. transmission line extending west from 
Fort Peck to Rainbow Dam, near Great Falls, Montana. Recently a 115-kv. 
transmission line has been built by the U. S. Bureau of Reclamation extending 
in a southeasterly direction from Fort Peck to Glendive, Montana, where the 
power is stepped down to 57-kv. and tied in with the Montana-Dakota Utilities 
Company. The length of this line is approximately 140 miles. Later it is 
contemplated extending the line another 80 miles in a southwesterly direction 
from Glendive to Miles City. 

The transmission line is of the wood H-frame construction and is built 
without overhead ground wires. In order to extinguish the arcs due to single- 
phase-to-ground faults which may occur on the line following lightning flash- 
over, the ground-fault neutralizer is installed between neutral and ground of 
the step-up transformer bank at Fort Peck on the 115-kv. system. It is ex- 
pected that this unit will take care of a total of approximately 260 miles. 

The neutralizer is essentially a reactance coil with numerous taps which can 
be selected by a motor-operated tap changer. ‘The reactor is tuned with the 
capacitance of the system so that when a line-to-ground fault occurs, the 
reactor will furnish a lagging current equal in value and opposite in phase from 
the charging current at the fault, so that the net current at the fault will be 
practically zero (except for line losses) and the arc will be extinguished for lack 
of current to feed it. Experience has proven that these neutralizers on various 
systems have taken care of from 65 to 95 per cent. of all faults without oil- 
circuit breaker operation, thus greatly improving the continuity of operation 
and reducing wear on the oil-circuit breakers. 

R, H. O. 


Weather Forecasting. Herbert B. Brooks. (Electronics, Vol. 19, No. 10). 
For several decades the winds aloft have been measured by observing with a 
theodolite the motion of free balloons inflated with hydrogen or helium. The 
present network of a few hundred pilot balloons distributed over North 
America is almost dense enough for complete knowledge of the wind in clear 
weather, up to the stratosphere. But bad weather is more important than 
good weather, and a pilot balloon run ends when the balloon enters a cloud. 
Using radio direction-finding and position finding techniques developed for 
combat, the weather services now measure winds to higher altitude and with 
greater accuracy in nearly any kind of weather. 

(he latest type radio direction finding receiver went into production in 
1944 and soon became standard for use in the Air Weather Service. The 
ground equipment measures azimuth and elevation angle and the transmitter 
signals its height by means of a baroswitch. The transmitter is now com- 
bined with radiosonde elements, which signal the air temperature and humidity 
on the flight. 

(he use of radar in storm detection is new and the job is still being studied. 
Microwave radar indicates the location of rain or other precipitation with 
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great accuracy and resolution. ‘Thunderstorm behavior can be forecast for 
15 minutes to several hours using trends indicated by past observations, 
Radar has proven especially useful in detecting thunderstorm areas so that 
airmen can avoid them. Many other groups will soon benefit by accurate 
short range shower, lightning, hail, windstorm, and hurricane warnings from 
radar observations. The army is conducting basic researches intended to 
answer the following questions: 

(1) What is the effect of various radar parameters on echo strength? 

(2) How can storm echo be interpreted in weather terms? 

(3) What is the effect of weather in scattering and absorbing the radar 
energy? 

(4) What is the distribution of drop and ice crystal size and number i 


various cloud types? 

Storm detection on the ground and in the air is expected to play a part in 
the Army Air Forces all weather flying project. Thunderstorms cause hazard 
aad discomfort in flying due to their turbulence, icing, radio interference, and 
occasional damage to aircraft from direct hits by lightning. 

The Weather Bureau, Army, Navy, and National Advisory Committee 
for Aeronautics are conducting a research project on thunderstorm micro- 
structure near Orlando, Florida. Radar is used for detection, mapping, and 
surveillance of thunderstorm rain cores, and for taking some of the observa- 
tions. 


R. H. O. 


